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There has been little research examining dynamic, proximal mechanisms that may determine 
parenting behavior in real time. To address this gap, I assessed interactive contributions of within-person 
fluctuations in children’s negative or positive behavior and maternal cardiac physiology in real time to 
three types of parenting behavior: maternal emotional support, maternal nonsupport, and maternal 
cognitive assistance. I utilized data collected from 130 mother-preschooler dyads (65 girls) during a 5-
min challenging puzzle task. Maternal and child behaviors were rated observationally in 15-sec intervals. 
Maternal cardiac physiology was assessed for each 15-sec interval of the puzzle task via Respiratory 
Sinus Arrhythmia (RSA). Results from multilevel models showed that when children displayed increases 
in negative emotions and behaviors in a given 15-sec interval of the task, mothers who displayed vagal 
augmentation (an index of social engagement) in the same interval displayed increases in emotional 
support in the next interval. In contrast, when children displayed increases in positive behaviors (e.g., task 
engagement) in a given 15-sec interval, mothers who showed vagal withdrawal (an index of regulation) in 
the same interval displayed higher cognitive assistance in the next interval. Thus, both vagal 
augmentation and withdrawal may be adaptive for parenting based on the demands of the interactive 
context (e.g., social vs. cognitive). Findings highlight the importance of investigating the extent to which 
changes in child behaviors may operate together with internal regulatory mechanisms in mothers to 
predict parenting behavior in real time.  
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Chapter 1: Introduction 
In early childhood, the ability to focus and persist with a task, remember and follow directions, 
inhibit impulses, and manage frustration and other negative emotions are markers of effective self-
regulation (Grolnick, McMenamy, & Kurowski, 1999). The ability to effectively regulate one’s emotions 
and behaviors, in turn, predicts better socioemotional and cognitive adjustment longitudinally (see 
Calkins & Howse, 2004; Morrison, Ponitz, & McClelland, 2010). Given the significance of children’s 
regulatory skills for later outcomes, it is important to understand how young children acquire self-
regulation. Parents are agents of socialization that contribute to children’s self-regulation (Grolnick & 
Farkas, 2002). Collaborative problem-solving situations, in particular, may provide an optimal context 
during which parents may facilitate children’s effective management of negative emotions, development 
of competence and mastery, and advancement of cognitive skills (Vygotsky, 1978).  
 Emotionally supportive caregiving (e.g., being present and available to the child, responding to 
children’s bids in a warm, positive, and timely manner, encouraging children’s expressions of autonomy) 
during problem-solving situations help children learn how to regulate negative emotions and promote 
children’s positive emotions and desire to explore the environment (Deci & Ryan, 1987; Diamond & 
Aspinwall, 2003; Eisenberg, Cumberland, & Spinrad, 1998). At the same time, parents also engage in 
scaffolding and teaching behaviors targeting children’s cognitive processing during collaborative 
problem-solving interactions. According to Vygotsky (1978), parents facilitate children’s cognitive 
development by helping the child maintain goal direction, assessing the child’s knowledge and skill and 
allowing the child to work independently when they are capable of doing so, while also guiding the child 
on actions or skills that are beyond what the child is capable of completing independently. Vygotsky 
theorized that parental cognitive assistance during collaborative problem-solving helps children develop a 
stronger sense of competence and improves children’s cognitive skills. In sum, both parental emotional 
support and cognitive assistance may promote children’s self-regulation.  
However, parents may be unable to respond in an emotionally supportive manner and/or 
effectively assist their child in problem-solving if they experience intense negative emotions and 
difficulty in regulating their arousal (Dix, 1991). Thus, it is important to examine the role of parents’ 
regulation during collaborative problem-solving interactions in promoting or hindering parents’ ability to 
offer emotional support and cognitive assistance in response to their children’s negative and positive 
behaviors. 
According to the transactional model of development (Sameroff, 1975, 2009), children’s 
developmental outcomes are a product of continuous, dynamic interactions between the child and their 
environment. Sameroff (1975, 2009) described these dynamic interactions between the child and the 





moment), and macro timescales (i.e., from year to year). Further, theoretical models such as the 
transactional model (Sameroff, 1975; 2009), and coercion theory (Patterson, 1982; 2002) postulate that 
real-time (micro-level) dynamics during parent-child interactions shape children’s well-being over 
months or years (macro-level).  
Taken together, it may be important to examine moment-to-moment fluctuations in parent-child 
interactions during collaborative problem-solving situations, and the contributions of dynamic 
fluctuations to children’s social and emotional adjustment longitudinally (i.e., over months or years). To 
this end, the primary goals of my dissertation are to investigate: (a) the extent to which within-person 
fluctuations in children’s negative and positive behavioral cues and maternal physiological regulation in 
real-time interact to predict dynamic changes in maternal emotional support (and nonsupport) and 
maternal cognitive assistance during a collaborative problem-solving interaction; and (b) the contributions 
of maternal behavior in real-time when confronted with children’s negative or positive behaviors to 
children’s social and emotional well-being six months later. The period between preschool and school 
entry (age 3 to 6 years) is a ripe timeframe for the development of regulatory behaviors, but preschool-
aged children may also pose heightened parenting challenges because they exhibit more negative and 
resistant behaviors than children at later developmental stages (Kopp, 1982; 1989). Thus, I focus my 
investigation on preschool-aged children, as it may be particularly important to understand how parents 






Chapter 2: Literature Review 
According to Belsky’s (1984) model of the determinants of parenting, several factors may 
contribute to parenting behaviors, including the parent’s developmental history, work environments, 
quality of the marital relationship, the level of social support, and individual personality characteristics. A 
particular personality characteristic that may play a role in how parents respond to children is parents’ 
trait-level emotionality and emotion regulation competencies (Morris, Criss, Silk, & Houltberg, 2017). 
For instance, parents’ use of adaptive emotion regulation strategies such as cognitive reappraisal or 
mindfulness have been linked with more supportive parenting, particularly during emotional challenges 
(Bluth & Wahler, 2011; Hughes & Gullone, 2010; Lorber, 2012). However, Belsky’s (1984) model and 
subsequent empirical work of other researchers has focused on highlighting the role of stable, individual 
differences in determining the extent to which parents differ from one another. Further, the emphasis of 
the model is on long-term, distal predictors of parenting. In a more recent discussion of Belsky’s (1984) 
model, Taraban and Shaw (2018) considered the importance of examining moment-by-moment predictors 
of parenting behavior. Other parenting researchers have also emphasized real-time regulatory processes as 
determinants of parenting behavior. According to Mileva-Seitz and Fleming (2011), parenting requires 
employment of attentional, cognitive, and affect regulatory systems to select child cues to attend to, 
maintain attunement and responsiveness to child cues by regulating impulsivity, and experience 
motivation to engage socially with the child. Relatedly, Calkins (2011) proposed that biological, 
attentional, cognitive, emotional, and behavioral regulatory systems operate as proximal mechanisms in 
determining parenting behavior, which, in turn, facilitates or hinders children’s regulatory behavior.  
Additionally, children’s influences on parents must also be considered. The idea that child 
characteristics play a role in determining parenting behavior is not new to developmental theory and 
research (Bell, 1968; Belsky, 1984). Theoretical models indicate that parents and children mutually 
influence each other’s behaviors (Patterson, 1982, 2002; Sameroff, 1975, 2009). However, the bulk of this 
theoretical and empirical work have focused on the role of children’s temperamental characteristics on 
parenting. Parental behavior may also vary across multiple contexts or in the face of different child cues 
(Bornstein, 2015), and children’s real-time affect and behaviors may be important determinants of 
parenting to consider. For instance, we know that maternal sensitivity in response to child distress is 
associated with different child outcomes than maternal sensitivity in response to children’s non-distress 
cues (Leerkes, Blankson, & O’Brien, 2009; McElwain & Booth-LaForce, 2006), and yet we know little 
about the extent to which changes in child distress and non-distress cues may facilitate increases or 
decreases in maternal sensitivity in real time.    
In addition to quantitative changes in parenting, parents may also display different types of 





approach to socialization, which suggests that parents interact with their children differently across a 
variety of contexts, and parenting behavior in each of these contexts may predict unique child outcomes. 
For instance, emotionally supportive parenting behavior provides comfort and facilitates children’s 
feelings of security, whereas parental guiding and scaffolding behaviors facilitate children’s cognitive 
skills and sense of confidence regarding their own abilities (Grusec & Davidov, 2010).  In addition to 
predicting unique child outcomes, these domain-specific parenting behaviors may also have distinct 
predictors. Different child cues (e.g., distress, task engagement) may elicit parenting behaviors in 
different domains (Grusec & Davidov, 2010), and parental regulation may operate differently for different 
types of parenting behaviors.  
Morris, Cui, Criss, and Simmons (2018) put forth a theoretical model on moment-to-moment 
dynamics during parent-child interactions, which highlights intra-individual dynamic processes (i.e., 
bidirectional associations between one’s own physiology and behavior) and inter-individual dynamic 
processes (i.e., mutually influencing each other’s physiology and behavior). Yet, there have been no 
empirical investigations, to date, on the extent to which intra-individual and inter-individual processes 
may interact to predict parenting behavior. Children’s affect and behaviors in real time may operate in 
combination with internal regulatory mechanisms in the parent to determine both quantitative changes in 
parenting behavior (e.g., increased level of support) and to different types (i.e., domain-specific) of 
parenting behaviors.  
Parents’ emotional arousal and regulation, which are important proximal mechanisms that 
influences parenting behaviors, can be assessed non-invasively and objectively by utilizing 
neurobiological measures during parent-child interactions in real time (Deater-Deckard & Sturge-Apple, 
2017). In regard to physiological processes, researchers have examined parasympathetic, sympathetic, 
neuroendocrine, and neural reactivity in relation to parenting. In this study, I focus specifically on 
mothers’ parasympathetic activity, assessed by cardiac vagal tone, because it is a well-established 
indicator of physiological regulation with a strong theoretical basis. Further, the vagal system is sensitive 
to changing environmental demands, which makes it an ideal measure for capturing moment-to-moment 
changes in parent physiology in relation to children’s affect and behaviors. Below, I outline theoretical 
principles of polyvagal theory (Porges, 1995, 2007, 2011), which provides a validated framework that 
describes biological processes involved in the regulation of attention, affect, and behaviors.  
Polyvagal Theory: An Overview 
The vagus nerve is the Xth cranial nerve and has two branches: the unmyelinated vagus and the 
myelinated vagus. The unmyelinated vagus nerve is responsible for the immobilization system, the most 
evolutionarily primitive branch of the vagus nerve, which includes freezing behaviors and behavioral 





vagus nerve is a more advanced evolutionary system (present only in mammals) and is responsible for the 
mobilization and social engagement systems (Porges, 2007). The mobilization system promotes defensive 
behaviors of the sympathetic nervous system, such as ‘fight or flight.’ In the context of threat, the body 
prepares to either fight or flee (e.g., avoid) the challenge. When a challenge is perceived, heart-rate, 
sweating, and respiration increase to help prepare the body to cope with the challenge (Porges, 2007, 
2011). A more prolonged reaction to stress includes activation of the hypothalamic-pituitary-adrenal 
(HPA) system, which triggers the production of the hormone cortisol (Gunnar, Doom, & Esposito, 2015).  
The social engagement system promotes ‘rest and digest’ behaviors of the parasympathetic 
nervous system (Porges, 2003). Porges theorized that in non-challenging contexts when the environment 
is perceived as safe, the social engagement system is activated. The myelinated vagus nerve promotes 
growth and restoration by slowing down the heart and inhibiting the sympathetic nervous system (i.e., 
fight or flight behaviors; Porges, 2007). Additionally, the brainstem nuclei that regulate the myelinated 
vagus sync with facial and head muscles to promote eye contact, listening, emotional expressions, social 
gesture and orientation behaviors, vocalizations, self-soothing, and calming behaviors that promote social 
engagement and communication (e.g., responses contingent on one’s social partner’s behaviors; Porges, 
2003).  
The vagal brake and cardiac vagal tone. According to Porges (2007; 2011), the myelinated 
vagus nerve, which originates from the nucleus ambiguous, functions as a ‘vagal brake’ which switches 
between the mobilization and social engagement systems, based on the environmental context. The vagal 
brake inhibits or disinhibits vagal tone to the heart, which promotes an individual’s ability to mobilize or 
stay calm. When the environment is perceived as safe or non-challenging, the myelinated vagus nerve 
inhibits the sympathetic nervous system and the HPA axis, and increases vagal influence on the heart to 
slow down cardiac output, via its influence on the sino-atrial node. In the context of challenge or threat, 
the vagal brake is withdrawn and vagal influence on the heart is reduced to increase heart-rate, increase 
sustained attention to possible threats in the environment and permit mobilization behaviors such as fight 
or flight (Porges, 2007; 2011). In challenging contexts, the individual decides whether to engage with the 
challenge or resort to fight or flight strategies (Beuchaine, 2001).  
Measurement of cardiac vagal tone. Cardiac vagal tone can be assessed via Respiratory Sinus 
Arrhythmia (RSA), which captures the extent to which the myelinated vagus is influencing the sino-atrial 
node in the heart. RSA is a naturally occurring rhythm in heart-rate that is approximately the same 
frequency as spontaneous breathing (i.e., heart-rate variability; Porges, 2007; 2011). Baseline or resting 
levels of RSA (measured when one is sitting quietly) captures the body’s ability to maintain homeostasis 
and is indicative of dispositional regulatory capacity (Beauchaine, 2001). In low-challenge situations 





baseline levels are considered adaptive, as it is indicative of the activation of the social engagement 
system. In mild to moderately challenging situations (e.g., a conflict situation, a challenging cognitive 
task), decreases in RSA (also referred to as vagal withdrawal or suppression) relative to baseline is 
considered adaptive as it promotes sustained attention and self-soothing behaviors, and captures the 
ability to regulate during challenges (Porges, 2007). However, in in the context of traumatic or life-
threatening situations, activation of the HPA axis or immobilization systems is considered to be a more 
adaptive response (Del Giudice, Ellis, & Shirtcliff, 2011). In sum, dynamic changes in RSA characterize 
an individual’s ability to shift to different physiological states based on environmental demands.  
Maternal Physiology and Parenting Behavior: Empirical Support 
Polyvagal theory (Porges, 1995, 2007, 2011) provides a framework for investigating biological 
processes involved in the regulation of affect and behaviors during parent-child interactions. The theory 
describes how individuals may show dynamic changes in vagal tone according the environmental context, 
which can be extended to how parents respond in emotionally challenging situations. Emotionally 
supportive caregiving requires activation of both the social engagement system to orient and become 
attuned to the child’s social cues, as well as attentional shifting, focus, and self-soothing behaviors to 
regulate negative emotions and behaviors during challenges (Porges, 2015).  Similarly, attentional 
shifting and focusing, self-soothing, and mobilization behaviors may also contribute to parents’ cognitive 
assistance. Additionally, it is possible that stable levels of baseline vagal tone—an indicator of individual 
differences in physiological responses (Beuchaine, 2001)—also play a role in parenting. The majority of 
empirical work on physiological regulation and parenting has focused on emotional support and 
nonsupport. I therefore first review the literature on these parenting constructs, and I subsequently 
consider the role of physiological regulation in parents’ cognitive assistance behaviors.  
Baseline vagal tone and parenting. Baseline or resting levels of vagal tone are considered to be 
an indicator of autonomic flexibility and dispositional regulatory capacity (Beauchaine, 2001). For 
instance, higher baseline levels of vagal tone assessed during an unstimulating film was associated with 
decreased likelihood of experiencing negative affect and increased likelihood of constructive coping in 
response to moderate-high stressors among adults (Fabes & Eisenberg, 1997). Additionally, higher levels 
of adults’ baseline vagal tone measured when one was sitting in a quiet room predicted more rapid 
increases in self-reports of positive affect and social connectedness over a period of nine weeks (Kok & 
Fredrickson, 2010). Thus, higher levels of baseline vagal tone may indicate parents’ ability to regulate 
negative emotions that arise during parenting challenges, experience higher levels of positive affect, and 
engage in greater connectedness with their children, resulting in more sensitive caregiving behaviors. 
Consistent with these claims, empirical studies have demonstrated that higher levels of parents’ baseline 





levels of supportive parenting behaviors in response to their preschool-aged children’s negative emotions 
(Blandon, 2015; Perlman, Camras, & Pelphrey, 2008). In contrast, low baseline levels of vagal tone 
assessed when mothers were sitting quietly or watching an unstimulating film clip have been associated 
with observer ratings of lower maternal sensitivity during the reunion episode of the still-face paradigm 
with infants (Moore et al., 2009; Musser, Ablow, & Measelle, 2012).   
Vagal reactivity and parenting. Based on principles from polyvagal theory, we would also 
expect vagal reactivity in response to environmental demands to play an important role in determining 
parenting behaviors. For instance, Skowron et al. (2011) showed that non-maltreating mothers (vs. 
maltreating mothers) showed greater within-person fluctuations in physiology (i.e., increases and 
decreases relative to one’s own mean) during a challenging puzzle task with their preschool-aged 
children. This suggests that increases and decreases in vagal reactivity in accordance with changing 
environmental demands may be more adaptive for parenting, as greater within-person fluctuations in 
physiology may be an indicator of parents’ ability to cope with environmental challenges.    
Vagal augmentation and parenting. Activation of the social engagement system is necessary for 
parents to respond sensitively to their children’s cues (Porges, 2015). Vagal augmentation may signal 
more sensitive caregiving, particularly in the context of children’s positive behaviors. When children 
display enthusiasm, engagement, or exploration of the environment, increases in maternal vagal 
augmentation may promote more sensitive caregiving behaviors, because vagal augmentation is an 
indicator of engagement, perceived safety, and social connectedness (Porges, 2007; 2011). Sensitive 
caregiving requires orienting toward the child, active listening, and vocalizations, all of which are major 
components of the social engagement system. In support of this, Miller, Kahle, Lopez, and Hastings 
(2015) showed that mothers who showed a pattern of parasympathetic dominance (i.e., high levels of 
parasympathetic activity coupled with low levels of sympathetic arousal) during a non-challenging puzzle 
task with their preschool-aged children engaged in less harsh parenting.  
Vagal withdrawal and parenting. Vagal withdrawal might also play a key role in parenting as it 
is indicative of parents’ ability to regulate arousal that may arise during parenting challenges. For 
instance, greater vagal withdrawal may be more adaptive for parenting when children display negative 
emotions and behaviors. Indeed, studies suggest that mothers are more likely to display vagal withdrawal 
in the context of heightened infant distress. For example, mothers showed higher vagal withdrawal during 
the reunion episode of the still-face paradigm and during a challenging arm restraint task when infants 
showed higher levels of negative affect (Mills-Koonce et al., 2007; Moore et al., 2009). Further, in 
observing maternal physiological responses across the still-face paradigm, non-depressed mothers showed 





Vagal withdrawal may be beneficial for parents in the face of children’s distress for two primary 
reasons. For one, children’s distress cues can be stressful or even aversive to a parent (Frodi & Lamb, 
1980). Mothers’ ability to regulate their arousal in response to children’s distress cues may play a salient 
role in how they respond to such cues (Dix, 1991). Well-regulated arousal in response to another’s 
distress is considered to be predictive of empathic responding, because the individual adopts other-
centered goals that are focused on helping the other manage their distress (Eisenberg & Eggum, 2009). In 
contrast, experiencing heightened levels of arousal and difficulties in effectively regulating that arousal in 
response to another’s distress is associated with behaviors that serve self-focused goals, such as reducing 
one’s own arousal by withdrawing from the situation or responding in ways that will terminate the other’s 
distress (Batson, Fultz, & Schoenrade, 1987; Davis, 1983). Because vagal withdrawal is considered to be 
a marker of effective emotion regulation (Porges, 2007), higher levels of maternal vagal withdrawal may 
promote empathic responses to children’s distress by helping mothers modulate their emotional arousal 
effectively, which allows mothers to adopt child-centered goals. In support of this, Leerkes, Su, Calkins, 
Supple, and O’Brien (2016) showed that mothers who displayed higher levels of vagal withdrawal during 
a series of challenging tasks with their infants reported less mother-oriented cry processing (e.g., a focus 
on reducing one’s own arousal or feeling irritated in response to infant cries), which in turn was 
associated with higher levels of maternal sensitivity. Higher levels of maternal vagal withdrawal have 
also been associated with less harsh parenting and intrusiveness toward both infants and preschool-aged 
children during challenging situations in the context of heightened sympathetic and neuroendocrine 
arousal (Miller et al., 2015; Mills-Koonce et al., 2009).  
Second, higher levels of vagal withdrawal promote behaviors such as attentional focus, soothing, 
and mobilization of approach toward the situation (Porges, 2007). Thus, higher levels of maternal vagal 
withdrawal during or following children’s displays of distress may be characterized by greater 
engagement in soothing behaviors, redirecting the child’s attention, or attempting to structure the 
environment in ways to minimize children’s distress. In contrast, mothers who experience difficulties in 
physiological regulation when confronted with child distress may not be able to engage with the child in 
these ways.  
In support of the above theoretical ideas, there are a few studies to suggest that vagal withdrawal 
in the context of increased infant distress is associated with sensitive caregiving. Greater vagal 
withdrawal relative to baseline during the reengagement episode of the still-face paradigm was associated 
with higher levels of maternal sensitivity towards infants (Ham & Tronick, 2006; Moore et al., 2009), and 
greater vagal withdrawal during a reunion episode following a separation as part of the Strange Situation 
procedure was associated with greater attachment security among infants (Hill-Soderlund et al., 2008). 





following a stressor (i.e., when mothers were asked to disengage from the infant, or the infant was briefly 
separated from the mother) where heightened levels of infant distress were likely to have occurred. In a 
study that did examine maternal physiological responses specifically in response to infant distress, 
expectant mothers who showed higher levels of vagal withdrawal (relative to baseline) in response to 
audio recordings of infant cries had higher observer ratings of sensitivity to their own infant’s distress 
nine months postpartum during free play and reunion following a brief separation (Ablow, Marks, 
Feldman, & Huffman, 2013). Similarly, in a high-risk sample, mothers of newborn infants who showed 
greater vagal withdrawal relative to baseline in response to audio recordings of infant cries, particularly in 
the first twenty seconds of the audio, displayed higher levels of sensitivity with their own infants during 
naturalistic interactions in the home (Joosen et al., 2013).  
However, findings have not always been consistent as to whether vagal withdrawal is associated 
with more or less supportive parenting. For instance, mothers who displayed higher vagal withdrawal 
relative to baseline during two compliance tasks with their toddler-aged children (i.e., a clean-up task and 
a 10-minute task where the mother conversed on the phone and the child had to play independently with 
unattractive toys) reported experiencing higher levels of emotional flooding and engaged in harsh 
discipline practices during the interaction (Lorber & O’Leary, 2005; Lorber, Mitnick, & Slep, 2016). The 
contradictory findings between these studies could be because greater vagal withdrawal may be more 
adaptive in contexts where mothers have to comfort and soothe the child (e.g., re-engaging with the child 
following a stressor; Ablow et al., 2013; Ham & Tronick, 2006; Hill-Soderlund et al., 2008; Moore et al., 
2009) than in contexts where mothers and children have opposing goals and are in conflict with one 
another (Lorber et al., 2016; Lorber & O’Leary, 2005). Additionally, the studies that showed vagal 
withdrawal to be maladaptive for parenting examined maternal physiological regulation during longer 
discipline encounters (Lorber et al., 2016; Lorber & O’Leary, 2005), whereas studies that showed vagal 
withdrawal to be associated with more supportive parenting were focused on examining maternal 
physiological regulation during brief (30-60 seconds) audio recordings of infant distress or interactions 
following brief (2-4 minutes) episodes of infant distress (Ablow et al., 2013; Ham & Tronick, 2006; Hill-
Soderlund et al., 2008; Joosen et al., 2013; Moore et al., 2009). Thus, exhibiting higher levels of vagal 
withdrawal consistently throughout the challenging interaction may not be adaptive for parenting, as 
excessive vagal withdrawal in response to emotional challenges has been associated with poor emotion 
regulation abilities and multiple forms of psychopathology (Beauchaine, 2015). However, short-term 
increases in vagal withdrawal during or following occasions when children display distress may be 
adaptive for parents.  
There is preliminary support for the idea that brief increases in vagal withdrawal may be 





demonstrated that although mothers showed greater vagal augmentation relative to baseline during a 3-5 
minute moderately challenging joint puzzle task with their preschool-aged children, mothers who showed 
greater maternal vagal withdrawal during a given 30-second interval (relative to the mother’s own 
average level of RSA across the task) predicted increases in positive parenting and decreases in negative 
control in the next 30-second interval. Thus, greater vagal augmentation over the course of a 3-5-minute 
task or interaction may be beneficial for parenting, whereas short-term increases in vagal withdrawal may 
indicate parents’ ability to cope with environmental challenges. However, it remains to be seen if 
momentary increases in vagal withdrawal are adaptive in the face of child distress.  
It is also important to note that Skowron et al.’s (2013) ratings of positive parenting included both 
supportive and helping/teaching behaviors. However, these parenting behaviors may be conceptually 
distinct and have unique antecedents (Grusec & Daivov, 2010).  It remains to be seen whether maternal 
real-time physiological responses may differentially relate to emotional support (or nonsupport) and 
cognitive assistance behaviors when they are considered separately. Cognitive abilities such as executive 
functioning (e.g., working memory, shifting attention, and focus) play a particularly key role in 
determining maternal scaffolding and teaching behaviors (Mazursky-Horowitz et al., 2018; Obradović et 
al., 2017), and maternal inhibitory control has been associated with higher maternal quality of assistance 
during a series of challenging and non-challenging interaction tasks with school-aged children (Shaffer & 
Obradović, 2017).  Studies demonstrate that greater vagal withdrawal in adults is associated with greater 
performance on cognitively challenging tasks, including sustained attention, proactive cognitive control 
(i.e., top-down processing), and executive functioning (e.g., working memory, inhibitory control; 
Capuana et al., 2014; Hansen, Johnson, & Thayer, 2003; Thayer, Hansen, Saus-Rose, & Johnsen, 2009).  
Thus, momentary increases in vagal withdrawal may play an important role in facilitating parental 
cognitive assistance behaviors in a collaborative problem-solving situation, regardless of the type of 
behaviors children are exhibiting. Parental emotional support (or less nonsupport), on the other hand, may 
require greater vagal augmentation when children display positive behaviors to socially engage with the 
child, and greater vagal withdrawal when children display negative emotions and behaviors to facilitate 
regulation of arousal and mobilize a response.  
Alternate direction of effects. Based on principles from polyvagal theory (Porges, 1995; 2007; 
2011), we would expect changes in maternal physiological regulation to promote subsequent changes in 
behavior. Parents’ greater vagal augmentation in the context of children’s positive emotions and 
behaviors may facilitate social engagement, which permits more emotional support. Similarly, greater 
vagal withdrawal in the face of child distress may facilitate regulation of parental arousal and promotes 
readiness to respond to the environment, which allows for emotionally supportive behavior. Additionally, 





parents by promoting parents’ use of executive functioning skills to guide and instruct the child. 
However, it is also possible that parenting behaviors may lead to subsequent changes in physiology in real 
time. For instance, coupling of parent and child positive behaviors may contribute to subsequent vagal 
augmentation in parents to socially engage with the child. Coupling of parent and child negative 
behaviors, on the other hand, may contribute to subsequent vagal withdrawal, as the parent may find 
negative behaviors to be stressful. Skowron et al. (2013) tested alternate direction of effects by examining 
whether maternal behavior in a given 30-second interval predicted maternal physiological regulation in 
the next interval, and their findings did not support this direction of effects. However, this study is the 
only one, to date, to assess maternal behavior as a predictor of physiology, and further examination of this 
direction of effect is needed. Moreover, Skowron et al. did not examine the role that child emotions and 
behaviors may play in predicting maternal physiological regulation and whether maternal and child 
behaviors may interact to predict maternal physiological regulation in real time.  
Parent-Child Interactions and Children’s Socioemotional Adjustment 
In the prior section, I highlighted dynamic associations between parent physiology, child 
emotions and behaviors, and parent behavior. Specifically, I posited that greater vagal augmentation may 
facilitate more emotionally support (and less nonsupport) on occasions when children display positive 
emotions and behaviors, and that greater vagal withdrawal may promote more emotional support on 
occasions when children display negative emotions and behaviors. I also posited that momentary 
increases in vagal withdrawal may facilitate greater cognitive assistance in parents. In this section, I will 
extend these ideas by examining the potential contributions of dynamic processes in parent-child 
interactions to children’s socioemotional adjustment. According to a domain-specific approach to 
parenting (Grusec & Davidov, 2010), parents’ emotional support and nonsupport contribute to children’s 
socioemotional adjustment, whereas parents’ cognitive assistance contributes to children’s cognitive and 
learning outcomes. Consistent with this approach, prior theoretical and empirical work has focused on the 
contributions of parents’ emotional support (or nonsupport) behavior in response to children’s negative 
and positive emotions and behaviors to children’s socioemotional adjustment. Cognitive assistance, on 
the other hand, has been linked with better performance on cognitive tasks and greater attention and 
persistence in children (e.g., Eisenberg et al., 2010; Fagot & Gauvain, 1997). Thus, the literature review 
below focuses on the role of parent emotional support and nonsupport in response to children’s negative 
and positive emotions and behaviors in shaping children’s socioemotional adjustment.  
Dynamic processes and children’s adjustment. According to principles of dynamic systems 
theory (Thelen & Smith, 2006), the parent-child system forms stable patterns of interaction but also 
undergoes reorganization when there is disruption to the balance of the system. The ability of the dyad to 





children’s adjustment (Olson & Lunkenheimer, 2009). Building on principles of dynamic systems theory, 
Hollenstein, Lichtwarck-Aschoff, and Potworowski (2013) proposed a model of socioemotional 
flexibility in parent-child dyads. In particular, these authors highlighted the construct of dynamic 
flexibility on micro-time scales (i.e., moment-to-moment) within a single interaction context. Dynamic 
flexibility is characterized by “micro adjustments in behaviors to maintain balance and engagement in the 
situation at hand” (Hollenstein et al., 2013, p. 399). In other words, dynamic flexibility is the ability to 
modify one’s behaviors in an adaptive manner in accordance with changing environmental demands. In 
contrast, rigidity (i.e., failing to demonstrate variability in behaviors) indicates a failure to adapt to 
changes in the environment.  
The mutual emotion regulation model (Tronick, 1989) also described interaction patterns between 
parents and children as a product of moment-to-moment exchanges. A mismatch between the parent’s and 
child’s behaviors in the moment is labeled as an interactive rupture. Interactive ruptures result in poor 
emotion regulation on part of the child, such as increases in distress and maladaptive strategies for 
modulating emotional arousal (Tronick, 1989). Interactive repairs (usually initiated by the mother) refer 
to a return to the dyad’s coordinated state prior to the mis-coordination. Frequent ruptures and infrequent 
repairs indicate a pattern of poor reciprocal coordination in a dyad, whereas a dyad that repairs ruptured 
interactions quickly is characterized by a pattern of reciprocal positive interactions (Tronick, 1989). 
Taken together, these theoretical ideas suggest that a mother’s ability to modify or calibrate her behavior 
in accordance with increases and decreases in children’s negative and positive cues may be an important 
determinant of children’s adjustment.  
Among the few studies that have examined dynamic changes in parenting behavior in relation to 
children’s behaviors in real time as a predictor of children’s adjustment, Lunkenheimer, Ram, Skowron, 
and Yin (2017) showed that dynamic coupling of maternal support and preschool-aged children’s 
autonomy during a clean-up and challenging puzzle task predicted fewer internalizing and externalizing 
behaviors problems in children three months later, over and above mothers’ overall levels of autonomy-
support and children’s overall levels of autonomous behavior. Similarly, in a conflict-discussion task 
between mothers and 8- to 12-year-old children, decreased likelihood of mothers responding supportively 
following children’s displays of negative affect was higher for a group of children displaying clinical 
levels of externalizing symptoms than a group of healthy controls (Lougheed, Hollenstein, Lichtwarck-
Aschoff, & Granic, 2015). However, these authors reported that the groups did not differ in mothers’ 
overall levels of support or children’s overall levels of negative affect. Higher probability of a parent-
child dyad moving to an adaptive behavioral region (i.e., times when mothers were supportive and 





during a series of interaction tasks was also predictive of increased emotion regulation and fewer behavior 
problems in preschool-aged children four months later (Kemp, Lunkenheimer, Albrecht, & Chen, 2016). 
In sum, there are a few studies suggesting that mothers’ real-time supportive behavior in response 
to children’s negative and positive cues predicts children’s adjustment longitudinally. However, the above 
studies focused on qualitative aspects of maternal and child behaviors (e.g., presence/absence of 
autonomy-support or noncompliance), but quantitative aspects of parent and child behavior, such as 
increases and decreases in affect and behavior relative to one’s baseline, may also be important. For 
instance, when children display higher levels of negative affect than what is typical for them, within-
parent increases in support may lower children’s negative affect, returning the dyad to a balanced state, 
whereas parents’ increases in nonsupport may amplify children’s negative affect, resulting in a 
disrupted/mismatched state. In the case of children displaying higher levels of positive bids than their 
average, within-parent increases in support may cause the child to maintain or increase expression of 
positive bids, maintaining coordination and stability of the system. In contrast, increases in parental 
nonsupport may disrupt interpersonal harmony by dampening children’s expressions of positive emotions 
and behaviors. Thus, dynamic quantitative changes in parental behavior in the face of children’s negative 
and positive behavioral cues may promote or hinder children’s adjustment.  
Between-person differences in parenting and children’s adjustment. Despite theoretical and 
limited empirical emphasis on the role that dynamic processes play in children’s adjustment, prior work 
has predominantly focused on the extent to which parents differ in their levels of support and nonsupport 
to children’s negative or positive behaviors compared to other parents, and not on the extent to which 
parents dynamically coordinate their behaviors in response to child negative or positive behavioral cues in 
real time. Nonetheless, conceptual models and related empirical work on the role that parents’ trait-level 
responses to children’s negative and positive emotions and behaviors (assessed via self-report or by 
averaging ratings across a task) play in children’s adjustment can highlight the importance of examining 
parental behaviors in these two divergent contexts (i.e., when children display positive versus negative 
emotions and behaviors).  
Parents’ responses to children’s negative emotions and behaviors. A large number of 
researchers have examined the contributions of parental socialization of children’s negative emotions to 
children’s social and emotional development. Direct forms of socialization include the ways in which 
parents respond to children’s negative emotions and teach them how to manage and cope with negative 
emotions (Morris, Criss, Silk, & Houltberg, 2017). Parents’ responses to children’s negative emotions can 
be supportive and nonsupportive, or on a continuum of support and nonsupport. Supportive strategies 
include validating the child’s emotions or encouraging emotional expression and helping the child 





Nonsupportive strategies include minimizing the child’s emotional state (e.g., “there is nothing to be 
afraid of”), punishing or threatening the child, or ignoring the child’s negative emotional displays 
(Eisenberg et al., 1998; Gottman et al., 1996; Mirabile, 2015).  
Several theoretical models describe mechanisms through which parents’ supportive responses to 
children’s negative emotions may contribute to children’s positive adjustment. For instance, in their 
theory of meta-emotions, Gottman, Katz, and Hooven (1996; 1997) theorized that parents who “coach” 
their children through negative emotional displays by validating the child’s emotional experience and 
helping them to problem-solve are likely to teach children to accurately identify and understand negative 
emotions and help them adopt beliefs that negative emotions are acceptable and not threatening. As a 
result, children are better able to accept and work through their negative emotional arousal in other 
contexts (Gottman et al., 1996). In a similar vein, Tomkins (1991) posited that supportive parenting 
promotes children’s increased tolerance for frustration and distress, which teaches children to control and 
reduce negative emotional intensity in other situations. Additionally, parents who comfort their children 
and encourage them to problem-solve facilitate children’s ability to engage in self-soothing behaviors and 
other constructive strategies for managing negative emotions (Eisenberg et al., 1998; Tomkins, 1991). 
Finally, parents’ supportive responses to children’s negative emotions also enhance children’s trust in 
parents’ and others’ availability to help them during times of distress which, in turn, fosters children’s 
attachment security and help-seeking behaviors in other distress-eliciting contexts (Eisenberg et al., 
1998).  
Other theoretical models highlight the role of maternal nonsupport towards children’s negative 
emotions in undermining children’s emotion regulation. Buck (1984) theorized that discouraging or 
punishing children from expressing negative emotions may cause children to inhibit their negative 
emotional responses. Suppression of negative emotions may heighten children’s experiences of negative 
emotional arousal both in that specific context and similar contexts in the future. In other words, 
children’s negative emotions build and are later released, possibly in maladaptive ways. Further, Roberts 
and Strayer (1987) posited that children’s negative emotional displays and maladaptive behavioral 
responses to their negative emotions get stored in children’s memories and repeat in similar situations in 
the future.  According to these authors, punitive responses toward children’s negative emotions may 
trigger anxiety in children when they experience negative emotions in other contexts, because they 
associate their negative emotional response with punishment.  
Taken together, these theoretical notions indicate that parents’ supportive responses can help 
children accept and understand their negative emotions, engage in adaptive coping strategies, and develop 
a sense of trust in those around them. These competencies, in turn, can reduce children’s problem 





1987). Further, parents who respond supportively towards children’s negative emotions encourage 
children’s prosocial behavior in two key ways. First, parents who respond supportively are modeling 
prosocial behavior, which encourages children to adopt similar behaviors and help others in distress 
(Tomkins, 1991). Second, a key precursor for prosocial behavior is sympathy, which is characterized by a 
well-regulated emotional response in the face of others’ distress (Eisenberg & Eggum, 2009). Parents’ 
supportive responses to children’s negative emotions may therefore contribute to increases in children’s 
prosocial behavior by facilitating children’s adaptive emotion regulation (Eisenberg et al., 1998). In 
contrast, parents’ nonsupportive reactions toward children’s negative emotions may cause children to 
experience intense negative emotional arousal in distress-eliciting situations and fail to adequately 
regulate their emotions. Difficulties in emotion regulation, in turn, may exacerbate problem behavior in 
children and undermine children’s ability to respond in a prosocial manner.  
There is consistent empirical support for the above theoretical ideas, demonstrating longitudinal 
associations between parents’ reactions to children’s negative emotions and problem behavior in children. 
A meta-analysis of 52 empirical studies showed small but significant negative correlations between 
parents’ supportive reactions (and nonsupportive reactions reverse-scored) to children’s emotions and 
children’s conduct problems both concurrently (r = -.08) and longitudinally (r = -.11; Johnson, Hawes, 
Eisenberg, Kohlhoff, & Dudeney, 2017). The studies included samples of children ranging from 0-18 
years, and the effect sizes for concurrent associations were stronger for younger than older children. The 
associations were also significant for parents’ reactions to children’s negative emotions (r’s = -.09 and -
.10 for concurrent and longitudinal associations, respectively), but not for parental reactions to children’s 
positive emotions (r’s = -.07 and -.11; Johnson et al., 2017). Among preschool-aged children in particular, 
parental supportive coaching of five-year-old children’s anger (assessed via interviews) predicted lower 
levels of children’s problem behavior three years later (Hooven, Gottman, & Katz, 1995). In sum, 
parents’ responses to children’s negative emotions, particularly in the early years, is modestly associated 
with decreases in children’s problem behavior over time.   
Although associations between parenting behavior and child behavior problems have received 
more empirical attention, there is also evidence to suggest that parent reactions to children’s negative 
emotions play a role in children’s prosocial behavior. Higher levels of mother-reported encouragement of 
children’s expressions of negative emotions and problem-solving behavior were associated with school-
aged children’s tendency to comfort a crying infant (Eisenberg, Fabes, & Murphy, 1996). Similarly, 
parents who reported emphasizing problem-focused coping strategies when their school-aged sons were 
anxious had sons who displayed higher levels of sympathetic reactions in response to a sympathy-
inducing film (Eisenberg, Fabes, Schaller, Carlo, & Miller, 1991). Finally, Davidov and Grusec (2006) 





reports and observations) predicted higher levels of children’s empathic and prosocial responding 
assessed via mother and teacher reports, hypothetical peer distress vignettes, and in a condition where an 
experimenter simulated pain. In particular, maternal responsiveness to distress was associated with 
increased empathic and prosocial behavior via lower levels of mother-reported negative affect regulation 
in children (Davidov & Grusec, 2006). In sum, parental supportive reactions to children’s negative 
emotions are predictive of increases in children’s prosocial behavior.  
Parents’ responses to children’s positive emotions and behavior. Although the bulk of prior 
work has focused on parental responses to children’s negative emotions and behaviors, there is also 
theoretical work that highlights the importance of parents’ responses to children’s positive emotions and 
behaviors. I draw from two theoretical perspectives to demonstrate the importance of children’s positive 
bids: the broaden-and-build model of positive emotions (Fredrickson, 1998) and self-determination theory 
(Ryan & Deci, 2000).  
The broaden-and-build model of positive emotions. According to Fredrickson’s (1998) theoretical 
framework, positive emotions such as joy, interest, contentment, and love promote adaptive responses in 
different domains. First, positive emotions facilitate individuals’ exploration of the environment, 
encouraging them to engage with objects and people around them. Second, positive emotions experienced 
in interpersonal contexts can enhance the formation of social bonds and attachment, and prompt people to 
help others in need. Finally, positive emotions can expand one’s attentional repertoire, and “undo” the 
effects of negative emotions by prompting faster recovery, resulting in more adaptive emotion regulation 
(Fredrickson, 1998). Diamond and Aspinwall (2003) posited that caregivers who are attuned or 
responsive to children’s displays of joy or interest sustain and build on these positive experiences, which 
in turn may facilitate positive adjustment in children.  
Self-determination theory. According to Ryan and Deci’s (2000) self-determination theory, 
humans have three basic psychological needs: competence, autonomy, and relatedness. Parents may 
address these needs in children in a number of ways. First, parents may support children’s autonomy, 
which involves permitting the child to explore the environment, helping the child problem-solve, allowing 
the child to control their interactions, and providing help as the child requests (Deci & Ryan, 1987). These 
behaviors, in turn, facilitate children’s interest and engagement in the environment, help children become 
intrinsically motivated to perform well on tasks and comply with the parents’ wishes, and promote self-
regulatory behaviors such as goal-setting, problem-solving, task persistence, and ability to override 
frustration (Kochanska, 1997; Reeve, Ryan, Deci, & Jang, 2008). Second, parents also enhance children’s 
competence by providing positive feedback on children’s performance in tasks (Deci & Ryan, 1987). 
Thus, I posit that parental support in response to children’s positive behaviors (e.g., requests for help, 





promoting approach behaviors and sustaining and nurturing children’s motivation, compliance, and 
problem-solving skills. Although there is less theoretical emphasis on the role of nonsupport in response 
to children’s positive emotions and behaviors in shaping children’s adjustment, I expect that ignoring or 
minimizing children’s positive emotions and behaviors will undermine children’s development of 
autonomy and competence, contributing to higher levels of maladjustment.  
Despite theoretical emphasis on the significance of children’s positive emotions and behaviors 
and the role that parenting plays in response to such bids, there is limited and contradictory empirical 
evidence to support these contentions. For instance, in the meta-analysis conducted by Johnson et al. 
(2017), effect sizes for parental supportive and nonsupportive reactions to children’s positive emotions 
and children’s conduct problems were nonsignificant; however, the meta-analysis included only a small 
number of studies and the valence of children’s emotions was not specified in some studies. In contrast, 
maternal reports of dismissing school-aged children’s positive emotions in hypothetical vignettes (e.g., by 
reprimanding or experiencing discomfort) was related to higher levels of concurrent mother-reported 
internalizing and externalizing child behavior problems (Yi, Gentzler, Ramsey, & Root, 2016). Among 
the few studies that have examined parental responses to children’s positive behaviors, maternal reports 
of support for the child’s autonomy (obtained via interviews) at five years predicted higher levels of 
teacher-reported social adjustment in children three years later (Joussemet, Koestner, Lekes, & Landry, 
2005). Additionally, Matte-Gagné, Harvey, Stack, and Serbin (2015) showed that observer ratings of 
maternal support for their preschool-aged children’s autonomy during a challenging wait task, but not 
during free-play, predicted lower levels of child behavior problems and higher levels of social 
competence, measured both concurrently and longitudinally in preadolescence. Taken together, there is 
little research to indicate that maternal support (versus nonsupport) in response to positive emotions and 
behaviors contributes to children’s long-term positive adjustment and well-being. More empirical work is 
needed in this area to clarify the significance of parental responses to children’s positive emotions and 






Chapter 3: Research Questions and Hypotheses 
Polyvagal theory (Porges, 1995, 2007, 2011) is useful for understanding neurobiological 
mechanisms of parenting, but this theory is limited in that neurophysiological changes alone do not 
provide an adequate picture of parenting behavior. Developmental models on parent-child interactions 
highlight the role of contextual and child effects on parenting (e.g., Bell, 1968; Belsky, 1984; Grusec & 
Davidov, 2010; Patterson, 1982, 2002; Sameroff, 1975, 2009), but they do not consider 
neurophysiological processes. Only recently have researchers began to consider both neurophysiological 
processes and child behaviors as predictors of parenting (e.g., Morris et al., 2018), and yet, these 
predictors are still examined in isolation. Thus, we need to integrate polyvagal theory and developmental 
models of parent-child interactions to understand the extent to which neurophysiological processes and 
child behaviors operate together to determine parenting behavior in real time and investigate whether 
these mechanisms function differently for parenting behaviors across different domains of parenting (e.g., 
emotional support vs. cognitive assistance). By examining both neurophysiological and contextual 
underpinnings of parenting behavior, we can gain a more nuanced understanding of parenting that 
integrates biology, context, and behavior. 
 Further, parents’ physiological regulation and engagement in specific behaviors in response to 
momentary increases in children’s negative and positive emotions and behaviors may also have 
implications for children’s adjustment. Although theoretical models of socialization such as the 
transactional model (Sameroff, 1975, 2009) and the mutual emotion regulation model (Tronick, 1989) 
emphasize the role of dynamic changes in parent-child interactions in shaping children’s adjustment 
longitudinally, there is limited empirical investigations to support these ideas, indicating a gap between 
theoretical models and the literature. 
I aim to address these gaps in the literature by assessing both: (a) the combined contribution of 
within-person fluctuations in children’s behavior (i.e., negative or positive cues) and maternal 
physiological regulation to parenting behavior (i.e., emotional support and nonsupport, cognitive 
assistance) in real time; and (b) the extent to which these real-time associations predict children’s 
prosocial and problem behavior six months later. To be consistent with the majority of prior empirical 
studies, which have examined maternal physiology and parenting behaviors, I focus my investigation on 
mothers. To address my aims, I utilize observational data coded in 15-sec intervals from a 5-min 
moderately challenging puzzle task where the child is given a tangram puzzle to work on and the mother 
has to provide verbal help to the child without looking at the puzzle. In regard to children’s negative and 
positive emotions and behaviors, I focus on child agency (children’s expressions of engagement, 
enthusiasm, and desire to work on the puzzle) and defeat (children’s expressions of frustration, 






RQ1: Within-person associations among child behavior, maternal physiology, and 
parenting: Are there interactive contributions of within-person fluctuations (relative to one’s own mean) 
in children’s defeat (or agency) and maternal physiological regulation to maternal emotional support, 
nonsupport, and cognitive assistance in real time?  
H1a: Given that vagal withdrawal is more adaptive under challenging circumstances (Porges, 
1995; 2007; 2011), I hypothesize that the combination of within-child increases in defeat and within-
mother vagal withdrawal (i.e., decrease in vagal tone from the mother’s task average) in a given 15-sec 
interval will predict increases in maternal emotional support and decreases in nonsupport in the 
subsequent 15-sec interval.  
H1b: Because vagal augmentation is associated with social engagement in non-challenging 
circumstances (Porges, 1995; 2007; 2011), I hypothesize that the combination of within-child increases in 
agency and within-mother vagal augmentation (i.e., increase in vagal tone from the mother’s task 
average) in a given 15-sec interval will predict increases in maternal emotional support and decreases in 
nonsupport in the subsequent 15-sec interval.  
H1c: Because maternal cognitive assistance may require the employment of sustained attention 
and higher-order cognitive and executive functioning skills (Mazursky-Horowitz et al., 2018; Obradović 
et al., 2017; Shaffer & Obradović, 2017) and because vagal withdrawal has been linked to better 
performance on cognitive tasks (Capuana et al., 2014; Hansen et al., 2003; Thayer et al., 2009), I 
hypothesize that within-mother vagal withdrawal in a given 15-sec interval will predict increases in 
maternal cognitive assistance in the next interval. However, given the lack of empirical investigations on 
maternal RSA and child behaviors as predictors of maternal teaching or scaffolding behaviors, 
examination of the interactive contributions of within-person fluctuations in maternal RSA and child 
defeat (or agency) to maternal cognitive assistance is exploratory.   
RQ2: Links between dynamic processes and children’s socioemotional adjustment. Do 
within-person associations outlined in H1a and H1b predict maternal and paternal reports of children’s 
prosocial and problem behavior six months later, over and above mothers’ overall levels of behavior and 
children’s overall levels of agency and defeat during the task? 
H2a: Given strong theoretical (Buck, 1984; Eisenberg et al., 1998; Gottman et al., 1996; Roberts 
& Strayer, 1987; Tomkins, 1991) and empirical evidence (e.g., Davidov & Grusec, 2006; Johnson et al., 
2017) for the role of parent reactions to children’s negative emotions in shaping children’s well-being, I 
hypothesize that mothers who display within-person increases in emotional  support and decreases in 
nonsupport following moments when children display within-person increases in defeat will have children 





H2b: Because of limited empirical investigations on the role of parental reactions to children’s 
positive behavior and children’s well-being, this aim is exploratory. I tentatively expect that mothers who 
display within-person increases in emotional support and decreases in nonsupport following moments 
when children display within-person increases in agency will have children who display higher levels of 
prosocial behavior and lower levels of problem behavior six months later. 
Secondary Aims of RQ1 
SA1: Between-person associations. In the process of testing my primary hypotheses on within-
person changes in maternal physiology and behavior, I examine the replicability of prior findings on 
between-person differences in maternal physiology and behavior. Specifically, I examine whether both 
baseline levels of maternal RSA and mean levels of maternal RSA averaged across the puzzle task 
(relative to baseline) are uniquely associated with mothers’ mean levels of behavior during the interaction 
sessions. Consistent with prior research (Blandon, 2015; Moore et al., 2009; Musser et al., 2015; Perlman 
et al., 2008), I hypothesize that higher baseline levels of RSA will be associated with higher levels of 
maternal emotional support and cognitive assistance, and lower levels of nonsupport. Additionally, given 
that lower levels of RSA (i.e., vagal withdrawal) was associated with more harsh discipline during 
challenging parent-child interactions (Lorber & O’Leary, 2005; Lorber et al., 2016) and that higher mean 
levels of RSA (i.e., vagal augmentation) across a puzzle task were observed in non-maltreating mothers 
compared with maltreating mothers (Skowron et al., 2013), I hypothesize that higher mean levels of RSA 
during the puzzle task (i.e., vagal augmentation) will be associated with higher mean levels of maternal 
emotional support and lower levels of nonsupport. Because associations between maternal physiological 
regulation during problem-solving interactions and maternal cognitive assistance have not been explored 
in prior research, this test is exploratory.  
SA2: Alternate direction of effects. The hypotheses stated in RQ1 are in line with Skowron and 
colleagues’ (2013) finding that maternal physiological regulation precedes change in maternal behavior. 
Skowron et al. (2013) did not find evidence to support the notion that maternal behavior may also drive 
change in maternal physiological regulation. However, there has been limited examination of this 
direction of effects and further study of the temporal ordering of these associations is warranted. Thus, I 
test a set of alternative models assessing individual and interactive contributions of maternal behavior 
(i.e., emotional support, nonsupport, cognitive assistance) and child behaviors (i.e., agency, defeat) as 







Chapter 4: Method 
Participants 
Data were collected as part of a larger study investigating children’s physiological and behavioral 
regulation. Families were recruited from the Champaign-Urbana community through flyers distributed at 
local child-care centers and community organizations (e.g., public libraries). Data were collected from 
130 families with a child between 3.5 to 5 years of age (65 girls). Children averaged 53 months of age 
(SD = 8.0). Ninety-six children had siblings in the home (77 were first-born, 29 were second-born, and 15 
were third- or later-born). Mothers and fathers were 91% and 96% European-American, 2.3% and 0.9% 
Asian, 1.6% and 3.7% African- American, 0.8% and 0.9% Native-American, and 3.9% and 3.7% 
identified as other. Eighty-six percent of mothers were married or had partners, and 73% of mothers 
worked outside the home. Forty-two percent of mothers had an advanced degree, 32.3% had a bachelor’s 
degree, 14.6% had some college degree and 3% were high school graduates. The average household 
income was between $61,000-70,000.  
Procedure 
Time-synched physiological and behavioral data for mothers and children were collected during 
real-time mother-child interactions during a 90-minute laboratory visit. After a brief warm-up period, 
physiological sensors were attached to mothers and children. Mothers and children completed a 5-min 
baseline physiological assessment, in which they watched an unstimulating video (i.e., a short story about 
a puppy “Spot” who goes to the farm). Following the baseline assessment, mother-child dyads completed 
a series of interaction tasks, including two 5-minute puzzle tasks. Mothers and fathers independently 
completed a questionnaire packet at home that included items assessing children’s behavior problems, 
both immediately following the lab visit (Time 1) and 6 months later (Time 2).  
With respect to the puzzle tasks, mothers and children were presented with two 14-piece tangram 
puzzles (i.e., a dog and a lion; order was counterbalanced across participants) where the level of challenge 
was beyond what a preschooler was capable of completing independently. For each puzzle task, mothers 
and children were seated across from each other at a child-sized table, with a barrier (once with a low 
barrier where the mother was unable to see the puzzle board or pieces but could see her child, and once 
with a high barrier where the mother could not see the puzzle or her child) separating them, such that the 
mother was only able to provide verbal help to her child. The order of the low vs. high barrier was 
counterbalanced across participants. The child was given the puzzle board and pieces, and the mother was 
given a solution to the puzzle. A countdown timer, which was visible to both the mother and the child, 
rang at the end of five minutes to signal the end of the task. A similar task has been used in prior research 
to successfully capture maternal physiological regulation among mothers of preschoolers (e.g., Skowron 





First, the high barrier blocked the mother’s view of the child, which means that the mother may not have 
always noticed when her child was upset or distressed (or may have missed out on other facial or 
nonverbal cues). Second, the high barrier condition is somewhat artificial, because it is unlikely that 
mothers are unable to see their child when they are helping the child work through a cognitive task, such 
as a challenging puzzle. 
Measures 
Maternal physiological regulation. Cardiac vagal tone is an established indicator of 
parasympathetic activity and physiological regulation (Porges, 2007, 2011) and is measured by 
Respiratory Sinus Arrhythmia (RSA), which captures heart-rate variability as a function of the rate of 
spontaneous respiration. RSA is a well-established and non-invasive measure of cardiac vagal tone. 
Maternal cardiac data were collected with a wireless 3-lead electrocardiogram (ECG) using the Biopac 
MP150 system (Biopac Systems, Santa Barbara, CA). Inter-beat interval (IBI) data were examined for 
artifacts and outliers using the CardioEdit program developed by Porges (Brain-Body Center, University 
of Illinois at Chicago). Research staff who edited data were trained to be reliable in both the number and 
type of edits made to the IBI data. Forty percent of the IBI data were double-edited, with the acceptable 
standard for inclusion in the analyses being that the difference between the two edited files are ≤ .05. RSA 
scores were computed from the IBI data using the Porges-Bohrer algorithm (Porges & Bohrer, 1990), 
using a 250 ms sampling rate. Within the baseline assessment and the puzzle task with the low barrier, 
RSA data were chunked into 15-sec intervals and calculated for each interval. Fifteen-second epochs have 
been used and validated by prior research to calculate RSA in adults using the Porges-Bohrer algorithm 
during brief duration tasks (e.g., Leerkes et al., 2016; Mills-Koonce et al., 2007).  
Observed mother and child behavior. From digital video recordings of the two 5-min puzzle 
tasks, two separate groups of trained and reliable coders assessed: (a) maternal emotional support, 
nonsupport, and cognitive assistance; and (b) child agency and defeat, on 4-point scales in 15-sec 
intervals. The codes were adapted from a coding scheme developed for the NICHD Study of Early Child 
Care and Youth Development to assess mother-child interactions at 54 months (NICHD Early Child Care 
Research Network, 2003). Following prior research that has rated maternal behaviors on a continuous 
scale (e.g., Belsky, Rovine, & Taylor, 1984), behaviors were rated in 15-sec intervals because such 
intervals were long enough to rate on a continuum the quality of maternal behavior in the context of, and 
in response to, child cues, yet brief enough to capture relatively rapid moment-to-moment change in 
maternal behavior as it unfolded across real time. Coders were blind to all other study data. Intervals were 
synchronized in time across mother and child behaviors using Datavyu (Datavyu Team, 2014), a 





Maternal behavior. Coders rated maternal emotional support (e.g., praising or encouraging the 
child’s efforts, responding positively to the child’s bids, supporting the child’s autonomy, or validating 
the child’s affect), emotional nonsupport (e.g., ignoring the child’s bids, interrupting or not offering the 
child an opportunity to respond, dismissing or ignoring the child’s emotions), and cognitive assistance 
(e.g., providing specific instructions, checking in about child’s progress, making connections to outside 
experience or knowledge to help the child understand directions or task) on 4-point rating scales for each 
15-sec interval, ranging from 0 (not at all characteristic) to 3 (very characteristic). Interobserver 
reliability, calculated on 20% of the protocols, was high (ICCs = .79, .68, and .84 for maternal support, 
nonsupport, and cognitive assistance, respectively).  
Child behavior. Coders rated child negative affect (e.g., frowning, whining, frustrated tones) and 
child defeat (e.g., uncertainty or lack of confidence in one’s ability to do the task, physical or verbal 
withdrawal from the task) on 4-point scales for each 15-sec interval, ranging from 0 (not at all 
characteristic) to 3 (very characteristic). Twenty percent of the protocols were double-coded, and the 
scales showed good interobserver reliability (ICCs = .83 and .87 for child negative affect and defeat, 
respectively). Interval scores of child negative affect and defeat were positively correlated (r = .11, p < 
.001), although the weak correlation was likely due to relatively low levels of child negative affect 
displayed. Because the two constructs are conceptually similar (i.e., affective or behavioral indicators of 
frustration or withdrawal), ratings of child negative affect and defeat were summed within each 15-sec 
interval to obtain a more representative measure of child defeat, with higher scores indicating more defeat 
(possible range = 0 to 6). 
Coders also rated child agency (e.g., expressing confidence in one’s ability to do the task, desire 
for autonomy, requesting the mother’s help with the task) on a 4-point scale for each 15-sec interval, 
ranging from 0 (not at all characteristic) to 3 (very characteristic). Twenty percent of the protocols were 
double-coded, and the scales showed good interobserver reliability (ICCs = .83).  
Children’s prosocial and problem behavior. Children’s prosocial and problem behavior were 
assessed using subscales from the Strengths and Difficulties Questionnaire (SDQ; Goodman, 1997) and 
the Adaptive Social Behavior Inventory (ASBI; Hogan, Scott & Bauer, 1992).  For the SDQ, mothers and 
fathers reported the extent to which each item described their child’s behavior (e.g., often loses temper; 
kind to younger children) over the past six months on a 3-point scale (1 = not true, 3 = certainly true). 
For the ASBI, mothers and fathers reported the extent to which each item described their child’s behavior 
(e.g., accepts changes without fighting against them or becoming upset, says nice or friendly things to 
others) on a 3-point scale (1 = rarely or never, 3 = almost always). Within each subscale, mothers’ and 
fathers’ ratings were combined to obtain more representative measures of child behavior. The SDQ and 





(Bourdan et al., 2005; Hogan et al., 1992). A principal components analysis (with Varimax rotation) was 
conducted to assess whether subscales for prosocial and problem behavior, respectively, cohered across 
the two measures and could be combined. Correlations between maternal and paternal reports and results 
of the PCA are reported in the results section below.  
Data Analytic Strategy 
Preliminary Analyses 
Descriptive statistics. Descriptive statistics and correlations between maternal baseline RSA, 
mean levels of maternal RSA, maternal behavior, and child behavior during the puzzle task, and child 
outcomes (prosocial and problem behavior at times 1 and 2) were examined. Additionally, I estimated 
within-person variability in maternal RSA, maternal behavior, and child behavior by computing intraclass 
correlations (ICCs) from random intercept models of each variable.  
Covariates. Potential between-person covariates, such as child gender, child age, family income, 
number of other children in the home, and mothers’ education were examined. Covariates were included 
in the tests of the main models if they were associated with both at least one predictor and one outcome. 
Because changes in RSA may be related to speech production (Reilly & Moore, 2003), I examined 
whether mother speech duration during the task was associated with maternal RSA at both within- and 
between-person levels. Additionally, I examined the order of the barrier (i.e., low barrier presented first 
vs. second) as a potential covariate. If barrier order significantly predicted any of the outcome variables, it 
was included in main model tests.  
Finally, as a preliminary step, I examined whether there are broader temporal trends in the data 
that need to be controlled for in the main analyses. I tested growth models to examine unique linear 
change in maternal behavior (emotional support, nonsupport, and cognitive assistance in separate models) 
and maternal RSA across the 5-min task. If the unconditional models indicated that there was significant 
growth in any of the outcome variables, these temporal trends were included in the main model tests as 
covariates.  
Random effects. I first tested a set of models with each predictor in a separate model to examine 
whether Level 1 parameters had significant variance. For each Level 1 parameter, I tested a nested model 
without estimates of variance and a comparison model with estimates of variance. I then compared the 
two models using the −2 log-likelihood test. The likelihood difference between the nested and comparison 
models were assessed for significance using a chi-square distribution and the difference in number of 
parameters. If the chi-square value was nonsignificant, variance for that parameter was not estimated in 
the main models. However, if the chi-square value was significant, variances for that particular parameter 






Tests of Main Models 
The between-person (Level 2) predictors (i.e., mothers’ baseline RSA, mothers’ mean RSA 
across the puzzle task, and child mean levels of behavior across the task) were grand-mean centered (i.e., 
individual’s score on the variable minus the group mean) for the model tests. The within-person (Level 1) 
lagged predictors (i.e., lagged variables of mothers’ RSA and child agency and defeat for each 15-sec 
interval) were person-mean centered (i.e., raw score for interval t-1 minus the mother’s mean level of 
RSA/child’s mean level of agency and defeat across the puzzle task) to eliminate between-person 
variation. In probing significant interactions, I examined maternal RSA as the moderator because doing so 
permits distinguishing between vagal augmentation and vagal withdrawal, which is conceptually 
consistent with prior literature on maternal RSA. Statistically significant interactions were probed by 
testing model constraints for simple slopes at low (1 SD below the mean) and high (1 SD above the mean) 
values of within-mother RSA, where the SDs was estimated as the square root of the within-person 
variance. Region of significance analyses were also conducted to assess the value of the moderator 
(within-mother RSA) at which the within-person lagged association between child behavior and maternal 
behavior became statistically significant. 
Missing data. Out of 130 mother-child dyads, three dyads were missing on behavioral data 
because of missing audio (n = 1) or because the child was off-task for most of the session (n = 2). 
Physiological data was missing for three mothers during the puzzle task and four mothers during baseline 
because of synchronization issues (n = 1), frequent loss of signal (n = 2), or an arrhythmia in the heart 
rhythm (n = 1). Additionally, six dyads were missing behavioral and physiological data on some (ranging 
from 2-15) intervals because of an interruption (e.g., bathroom break, experimenter interruption; n = 3) or 
because the child completed the puzzle before the timer went off (n = 3). In the case of interruptions due 
to a bathroom break, behavioral data either prior to or following the interruption was coded as missing, 
based on when during the task the dyad paused to take a break. I used a robust full-information maximum 
likelihood (FIML) estimator. FIML utilizes all data available and, given the assumption that missing data 
are conditionally random after accounting for the other variables included in the observed variance matrix 
(i.e., Missing at Random; MAR), provides estimates unbiased by missingness (see Enders, 2010; Schafer 
& Graham, 2002).  
RQ1: Are there interactive contributions of within-person fluctuations (relative to one’s own mean) 
in children’s agency and defeat and maternal physiological regulation to maternal emotional 
support, nonsupport, and cognitive assistance in real time? 
To address my first research question, six multilevel models (two models examining each 
maternal behavioral outcome) were tested in Mplus version 8.1 (Muthén & Muthén, 1998-2018). Child 





RSAt-1, and the Child Defeat t-1 x Maternal RSAt-1 interaction term were examined as Level 1 predictors of 
maternal emotional support, nonsupport, and cognitive assistance, respectively. Similarly, child agency t-1 
maternal RSAt-1, and the Child Agency t-1 x Maternal RSA t-1 interaction term were estimated as Level 1 
predictors of maternal emotional support, nonsupport, and cognitive assistance in Models 4, 5 and 6, 
respectively. Additionally, in all models, I controlled for concurrent paths by estimating child behavior 
and maternal RSA as predictors of maternal behavior within the same 15-sec interval. The Level 1 
equation of the model is as follows:  
Maternal Behaviorij = β0i + β1i (WP Child Behavior t) + β2i (WP Maternal RSA t) + β3i (WP Child 
Behavior t -1) + β4i (WP Maternal RSAt -1) + β5i (WP Child Behaviort-1 x WP Maternal RSAt-1) + eij 
 
SA1: Are baseline levels of maternal RSA and mean levels of maternal RSA averaged across the 
puzzle task (relative to baseline) uniquely associated with mothers’ mean levels of behavior during 
the interaction sessions?   
To address the above secondary aim, maternal baseline RSA and mean levels of RSA across the 
tasks were also entered as between-person predictors of maternal emotional support, nonsupport, and 
cognitive assistance in the models outlined above. The Level 2 equation of the models outlined above is 
as follows: 
β0i = γ00 + γ01 (BP Baseline RSA) + γ02 (BP Task RSA) + γ03 (BP Task Child Behavior) + μ0i 
 
SA2: Do within-mother fluctuations in maternal and child behavior individually and jointly predict 
changes in maternal physiological regulation in real time? 
To address this secondary research aim, six additional multilevel models were tested. In Models 
7, 8, and 9, maternal behaviort-1, child defeatt-1, and the Maternal Behaviort-1 x Child Defeatt-1 interaction 
term were examined as Level 1 predictors of maternal RSA. In Models 10, 11, and 12, I tested individual 
and combined contributions of maternal behavior and child agency on maternal RSA. The Level 1 and 2 
equations of the alternate direction models are as follows: 
Level 1 
Maternal RSAij = β0i + β1i (WP Child Behavior t) + β2i (WP Maternal Behavior t) + β3i (WP Child 
Behavior t -1) + β4i (WP Maternal Behaviort -1) + β5i (WP Child Behaviort-1 x WP Maternal 
Behaviort-1) + eij 
Level 2 






RQ2: Do within-person associations outlined in H1a and H1b predict children’s prosocial and 
problem behavior six months later, over and above mothers’ and children’s average levels of 
behavior during the task? 
To address my second research question, I included children’s prosocial and problem behavior as 
Level 2 outcomes to Models 1, 2, 4, and 5 described above (see RQ1). For instance, I tested Level-1 
random effects of child defeatt-1, maternal RSAt-1, and Child Defeatt-1 x Maternal RSAt-1 on maternal 
emotional support in the next 15-sec interval as predictors of child problem behavior at Level 2. Next, in 
an identical model, I tested the Level 1 main effects and interactions as predictors of child prosocial 
behavior at Level 2. I examined child outcomes six months following mother-child puzzle task 
assessments, controlling for concurrent levels of child prosocial and problem behavior. In each model, I 
controlled for between-person effects of maternal and child behavior (i.e., average level across the puzzle 
task) on children’s prosocial or problem behavior. The Level 2 equation for the portion of the above 
models examining child outcomes is as follows: 
Child Outcome (longitudinal)i =   a + b (β3i + εij) + c (β4i + εij) + d (β5i + εij)  + e (BP_Maternal 







Chapter 5: Results 
Principal Components Analysis 
Given that the focus of my dissertation was on examining children’s prosocial and problem 
behavior, five subscales from these two measures were of interest.  From the SDQ, I examined three 
subscales (hyperactivity, conduct problems, and prosocial behavior) and from the ASBI, I focused on two 
subscales (express and comply). Mothers’ and fathers’ reports were positively correlated for hyperactivity 
(r = .51 and .39 for Time 1 and Time 2, respectively), conduct problems (r = .42 and .46 for Time 1 and 
Time 2, respectively), prosocial behavior (r = .53 and .60 for Time 1 and Time 2, respectively), express (r 
= .57 and .53 for Time 1 and Time 2, respectively), and comply (r = .50 and .50 for Time 1 and Time 2, 
respectively). The p-values for all correlations were less than < .001. I thus combined mothers’ and 
fathers’ reports by averaging them. Alphas were computed for each subscale after combining mothers’ 
and fathers’ reports. All subscales were reliable (α = .86 and .81 for hyperactivity, α = .76 and .75 for 
conduct problems, α = .79 and .81 for prosocial behavior, α = .80 and .83 for express, and α = .87 and .86 
for comply at Time 1 and Time 2, respectively). 
Because my focus was on child outcomes at Time 2, I conducted data reduction analyses on the 
Time 2 measures. I created composites for Time 1 measures based on the results obtained from the 
analyses with Time 2 measures. A Principal Components Analysis (PCA) with Varimax rotation was 
conducted on three subscales from the SDQ (hyperactivity, conduct problems, prosocial behavior) and 
two subscales from the ASBI (express and comply). The PCA yielded a two-factor solution that 
accounted for 75.5% of the variance. All subscales loaded on either of the two factors (all loadings > .67). 
The first factor accounted for 37.86% of the variance. The prosocial behavior subscale of the SDQ and 
express subscale of the ASBI loaded on this factor and tapped the degree to which children behaved in a 
prosocial or positive manner with others. The second factor accounted for 37.63% of the variance. The 
hyperactivity and conduct problems subscales of the SDQ and the comply subscale of the ASBI (with 
negative loading) loaded on this factor and tapped the extent to which children displayed problem 
behavior. The relevant subscale scores were standardized and averaged based on the results of the PCA 
analyses to create composites of prosocial and problem behavior, respectively. The comply subscale was 
reverse scored and combined with the hyperactivity and conduct problems subscales.  
Preliminary Analyses 
 Between-person covariates. Mother’s education, family income, number of other children in the 
home, child gender, and child age were examined as potential covariates. Of all demographic 
characteristics examined, only mother’s education was correlated with at least one predictor and outcome. 
I therefore included mother’s education as a between-person covariate in all main model tests. Mother 





therefore not included as a between-person covariate. Barrier order was also not significantly related to 
any of the outcomes and was excluded from the main models.  
Descriptive statistics and intercorrelations. Descriptive statistics for all variables of interest are 
reported in Table 1. For variables with both within- and between-person variability, between-person 
(mean) scores were used to compute descriptive statistics. Descriptive statistics for within-person 
variables, which were obtained from random intercept models of each variable, are reported in Table 2.  
Intraclass correlations (ICCs) showed that a significant proportion of the variance for all variables was 
within-persons. Both maternal nonsupport and child defeat were negatively skewed. I therefore used 
square root transformations of these variables in all subsequent analyses. Correlations between all study 
variables are reported in Table 3.  
Table 1 
Descriptive Statistics for Between-person Variables  
 
  
 N Mean (SD) Range Skewness  Kurtosis 
Maternal emotional support 127 1        (.35) .30-2   .63   .79 
Maternal cognitive assistance  127 1.45  (.43) .21-2.3  -.39  -.11 
Maternal nonsupport 127   .17  (.15) .00-.73 1.22 1.59 
Maternal nonsupport (transformed) 127   .15  (.12) .00-.54   .83   .20 
Mother task RSA 124 5.92  (.89) 2.7-8.1  -.37 1.16 
Child agency 127   .54  (.28) .00-1.3   .43  -.06 
Child defeat  127   .42  (.50) .00-3 2.7 8.7 
Child defeat (transformed)  127   .29  (.27) .00-1.5 1.2 4.8 
Maternal baseline RSA  126 5.94 (1.04) 3.6-9.3  -.05   .30 
Mothers’ education 125 5.10 (1.07)   2-6 -1.3 1.04 
Child prosocial behavior T1 125   .01  (.87) -2.4-1.4  -.82   .16 
Child prosocial behavior T2 121   .01  (.85) -2.6-1.3  -.63  -.01 
Child problem behavior T1 125   .002 (.84) -1.5-2.6   .70   .44 







Descriptive Statistics for Within-person Variables  
Note. Descriptive statistics for within-person variables were obtained from random intercept models. SDs were calculated as the square root of 
within-person variance.  
  
 ICC BP variance WP variance Mean SD Skewness Kurtosis 
Maternal emotional support .10 10% 90% 1 .86    .58   -.52 
Maternal cognitive assistance .16 16% 84% 1.45   .86    .04   -.89 
Maternal nonsupport .05  5% 95%   .17   .43  3.01  9.74 
Maternal nonsupport (transformed) .05  5% 95%   .15   .37  2.3  3.68 
Maternal RSA  .65 65% 35% 5.92  .64 -.33    .69 
Child agency .11 11% 89%   .54   .67  1.08    .33 
Child defeat  .18 18% 82%   .42   .86  2.85  8.74 






Correlations between study variables 
Note. BP correlations are reported below the diagonal, and WP correlations are reported above the diagonal (when applicable).  









 1 2 3 4 5 6 7 8 9 10 11 
1. Maternal emotional support --- -.15** -.06**  .01  .09**  .30**      
2. Maternal cognitive assistance  -.05 ---  .001 -.02 -.01 -.12**      
3. Maternal nonsupport  .22* -.01 ---  .01  .01  .12*      
4. Mother task RSA  .01 -.09  .01 --- -.02   .03      
5. Child agency  .07  .21*  .11 -.13 ---  -.14**      
6. Child defeat   .47** -.21*  .35**  .19* -.32** ---      
7. Maternal baseline RSA  -.01 -.05 -.04  .84** -.15 .13 ---     
8. Mothers’ education  .05  .23** -.07  .06  .22* -.25**  .02 ---    
9. Child prosocial behavior T1 -.02 -.10 -.03 -.14  .02 -.18* -.09 -.16 ---   
10. Child prosocial behavior T2 -.01 -.10 -.01 -.06  .05  .02 -.10 -.19*  .72** ---  
11. Child problem behavior T1  .07 -.04  .01  .23* -.17  .17  .17  .03 -.49** -.38** --- 





Within-person covariates. Maternal speech duration within a 15-sec interval in the task was 
uncorrelated with maternal RSA within the same 15-sec interval. I therefore did not include mother 
speech duration as a within-person covariate. To examine whether any of the outcomes showed linear 
change across the puzzle task, unconditional growth models were tested for each outcome: maternal 
emotional support, maternal nonsupport, maternal cognitive assistance, and maternal RSA. Maternal 
emotional support, nonsupport, and RSA did not show significant linear change, on average, across the 
task, and the growth rate variances for these variables were statistically zero. Thus, I did not control for 
linear change in these variables in main model tests. Maternal cognitive assistance did show significant 
linear change, on average, such that mothers declined in their cognitive assistance over the course of the 
task (b = -.021, SE = .004, p < .001) and there was significant variance in the slope. I therefore controlled 
for linear change and included a random effect and respective covariances for the slope in all models 
predicting maternal cognitive assistance.  
Random effects. Chi-square difference tests for comparison of nested models revealed that the 
following concurrent (i.e., within the same 15-sec interval) paths had significant variance between people: 
(a) maternal RSA as a predictor of maternal cognitive assistance, (b) child agency and defeat as predictors 
of maternal cognitive assistance, (c) child defeat as a predictor of maternal nonsupport, and (d) maternal 
cognitive assistance as a predictor of maternal RSA. Random effects (and respective covariances) were 
estimated for these paths. Chi-square difference tests revealed that random effects for all lagged main 
effects and interactions were nonsignificant, and these variances were constrained to be fixed in the main 
model tests.  
Main Model Tests 
RQ1: Are there interactive contributions of within-person fluctuations (relative to one’s own mean) 
in children’s agency and defeat and maternal physiological regulation to maternal emotional support, 
nonsupport, and cognitive assistance in real time? 
To address my first research question, concurrent and lagged effects of each child behavior and 
maternal RSA, and the Child Behaviort-1 x Maternal RSAt-1 interaction term were entered as Level 1 
predictors of maternal behavior. Child mean levels of behavior, maternal mean levels of RSA, and 
baseline RSA were entered as between-person predictors of the intercept of maternal behavior at Level 2. 
Covariances were estimated between all Level 2 predictors. Unstandardized parameter estimates for the 
three main models (i.e., maternal emotional support, nonsupport, and cognitive assistance) with child 
defeat as the child behavior predictor are shown in Table 4 and estimates for the three main models with 
child agency as the child behavior predictor are shown in Table 5. Below, I also report the unstandardized 





Child defeat and maternal RSA as predictors of maternal behavior. As shown in Table 4, 
higher levels of child defeat (relative to the child’s mean) in a given interval was associated with higher 
levels of maternal emotional support (Model 1) and nonsupport (Model 2), and lower levels of cognitive 
assistance (Model 3) within the same interval. Additionally, there was a significant main lagged effect of 
child defeat on maternal emotional support (Model 1), which was qualified by a significant Child Defeatt-1 
x Maternal RSAt-1 interaction. The lagged effects and within-person interaction of child defeat and 
maternal RSA on maternal nonsupport (Model 2) and cognitive assistance (Model 3) were both non-
significant.  
With respect to the significant interaction between child defeat and RSA on maternal emotional 
support, I first probed this within-person interaction at high (1 SD above the mean) and low (1 SD below 
the mean) levels of within-mother RSA (SDmaternal RSA = .64). Simple slope analyses revealed that child 
defeat in a given 15-sec interval was associated with increased maternal emotional support in the next 
interval, but only for mothers who displayed higher levels of RSA (i.e., vagal augmentation) in the prior 
15-sec interval (b = .153, SE = .05, p = .002; see Figure 1) than they did on average. In contrast, child 
defeat in a given interval was unrelated to maternal emotional support in the next interval when mothers 
displayed lower levels of RSA (i.e., vagal withdrawal) in the prior interval (b = .032, SE = .05, p = .479; 
see Figure 1) than they did on average.  
Second, I conducted a regions of significance analysis, which indicated that the within-person 
lagged association between child defeat and maternal emotional support became significant when 
maternal RSA was a 0.33 SDs below the mean (b = .073, SE = .04, p = .05). In sum, mothers who 
displayed slight decreases in RSA (i.e., vagal withdrawal), maintained mean levels of RSA, or showed 
increases in RSA (i.e., vagal augmentation) in moments when children displayed more defeat than typical, 
showed increases in emotional support in the next moment, with mothers who displayed vagal 
augmentation showing the most support on these occasions. Mothers who displayed larger decreases in 
RSA (i.e., more vagal withdrawal) in moments when children displayed defeat did not show significant 






Individual and Combined Contributions of Within-Person Fluctuations in Child Defeat and Maternal RSA to Maternal Behavior in Real Time  
Note. Covariances between all between-person predictors and random effects and covariances for some within-person parameters were estimated 
but not reported.






 B (SE) p B (SE) p B (SE) p 
Intercept (Maternal behavior)  .995 (.03)      <.001  .147 (.01)    <.001 1.673 (.06)   <.001 
Within-person (Level 1) paths       
Time --- --- --- --- -.018 (.004)   .001 
Child defeatt  maternal behaviort  .472 (.04) <.001  .072 (.02) <.001 -.131 (.04) <.001 
Mom RSAt  maternal behaviort  .021 (.03)   .443  .007 (.01)   .511 -.041 (.03)   .203 
Child defeatt-1  maternal behaviort  .092 (.04)   .012  .036 (.02)   .054   .032 (04)      .433 
Mom RSAt-1  maternal behaviort  .028 (.03)   .292 -.003 (.01)   .79 -.017 (.03)   .561 
Child defeatt-1 x Mom RSAt-1  maternal behaviort  .095 (.05)   .036  .047 (.03)   .072  .064 (.05)   .230 
Between-person (Level 2) paths       
Maternal baseline RSA  .015 (.04)   .73 -.011 (.02)  .445  .035 (.06)   .582 
Maternal RSA (task mean) -.056 (.05)   .267  .006 (.02)  .786 -.065 (.07)   .374 
Child defeat (task mean)  .707 (.13) <.001  .143 (.04) <.001 -.267 (.15)   .078 
Mothers’ education   .061 (.03)   .025  .006 (.01)   .532  .078 (.04)   .051 
Residual variances  Phi (SE) p Phi (SE) p Phi (SE) p 
Residual variance: maternal behavior (within)  .673 (.02) <.001  .128 (.01) <.001  .654 (.02) <.001 








Child agency and maternal RSA as predictors of maternal behavior. As shown in Table 5, 
higher levels of child agency in a given interval was associated with higher levels of maternal emotional 
support (Model 4). All other concurrent and lagged main effects of child agency and maternal RSA were 
nonsignificant. With respect to tests of the within-person interaction between child agency and maternal 
RSA, a significant interaction emerged on maternal cognitive assistance (Model 6). The within-person 
interaction of child agency and maternal RSA on maternal emotional support (Model 4) and nonsupport 
(Model 5) were both non-significant. With respect to the significant interaction between child agency and 
maternal RSA on cognitive assistance, I first probed this within-person interaction at high (1 SD above 
the mean) and low (1 SD below the mean) levels of within-mother RSA (SDmaternal RSA = .64). As shown in 
Figure 2, higher levels of child agency (relative to the child’s mean) in a given 15-sec interval was related 
to higher levels of cognitive assistance in the next interval when mothers displayed lower levels of RSA 
(i.e., vagal withdrawal) in the prior interval (b = .093, SE = .04, p = .021), but not when mothers displayed 
higher levels of RSA (i.e., vagal augmentation) in the prior interval (b = -.017, SE = .04, p = .643).  
Regions of significance analysis indicated that the within-person lagged association between 
child agency and maternal cognitive assistance became significant when maternal RSA was at 0.38 SDs 
below the mean (b = .059, SE = .03, p = .05). The lagged association was nonsignificant when maternal 
RSA was greater than 0.38 SDs below the mean. In other words, mothers who displayed greater vagal 
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Figure 1. Lagged associations between within-child defeat in the prior interval and within-mother 
emotional support in the next interval as a function of within-mother changes in RSA in the prior 
interval. WP = within-person. 
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showed an increase in cognitive assistance in the next moment, whereas child agency was unrelated to 







Individual and Combined Contributions of Within-Person Fluctuations in Child Agency and Maternal RSA to Maternal Behavior in Real Time  
Note. Covariances between all between-person predictors and random effects and covariances for some within-person parameters were estimated 
but not reported.  






 B (SE) p B (SE) p B (SE) p 
Intercept (Maternal behavior)  .996 (.03) <.001  .147 (.01)  <.001 1.656 (.06)           <.001 
Within-person (Level 1) paths       
Time --- --- --- --- -.02  (.004) <.001 
Child agencyt  maternal behaviort  .114 (.03) <.001  .003 (.01)  .822 -.046 (.03)   .126 
Mom RSAt  maternal behaviort  .008 (.03)   .802  .007 (.01)  .504 -.044 (.03)   .164 
Child agencyt-1  maternal behaviort  .003 (.03)   .926  .0003 (.01)  .991  .038 (.03)   .16 
Mom RSAt-1  maternal behaviort  .018 (.03)   .50 -.006 (.01)  .637 -.02   (.03)   .505 
Child agencyt-1 x Mom RSAt-1  maternal behaviort  .006 (.05)   .90  .012 (.02)  .513 -.085 (.03)   .04 
Between-person (Level 2) paths       
Maternal baseline RSA -.004 (.04)   .937 -.017 (.02)  .308  .046 (.06)   .466 
Maternal RSA (task mean)  .015 (.06)   .785  .022 (.02)  .264 -.088 (.07)   .219 
Child agency (task mean)  .061 (.13)   .641  .046 (.05)  .308  .294 (.14)   .036 
Mothers’ education   .014 (.04)   .70 -.01  (.01)  .421  .07   (.04)   .094 
Residual variances  Phi (SE) p Phi (SE) p Phi (SE) p 
Residual variance: maternal behavior (within)  .735 (.02) <.001  .135 (.01) <.001  .653 (.02) <.001 









Robustness checks. For the two main models with significant results (i.e., Child Defeatt-1 x 
Maternal RSAt-1 predicting maternal emotional support and Child Agencyt-1 x Maternal RSAt-1 predicting 
maternal cognitive assistance), several additional model tests were conducted for robustness checks. The 
description and results of these tests are reported in Appendix A.  
SA1: Are baseline levels of maternal RSA and mean levels of maternal RSA averaged across the 
puzzle task (relative to baseline) uniquely associated with mothers’ mean levels of behavior during 
the interaction sessions?   
Maternal baseline RSA and mean levels of task RSA were unrelated to mean levels of maternal 
behavior in all six models (see Tables 4 and 5). However, higher levels of child defeat averaged across the 
task was associated with higher levels of maternal emotional support and nonsupport, whereas higher 
levels of child agency averaged across the task were associated with higher levels of cognitive assistance.  
SA2: Do within-mother fluctuations in maternal and child behavior individually and jointly predict 
changes in maternal physiological regulation in real time? 
The results from alternate direction models with maternal behavior and child defeat as predictors 
of maternal RSA are shown in Table 6 (Models 7-9), and the results from the alternate direction models 
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Figure 2. Lagged associations between within-child agency in the prior interval and within-mother 
cognitive assistance in the next interval as a function of within-mother changes in RSA in the prior 






person main effects and interactions of maternal and child behavior in a given 15-sec interval on maternal 
RSA in the next 15-sec interval were nonsignificant. With regard to between-person effects, higher levels 
of baseline RSA predicted higher levels of maternal task RSA in all six models. Mean levels of child defeat 





Table 6  
Individual and Combined Contributions of Within-Person Fluctuations in Child Defeat and Maternal Behavior to Maternal RSA in Real Time  
Note. Covariances between all between-person predictors and random effects and covariances for some within-person parameters were estimated 
but not reported.  
 






 B (SE) p B (SE) p B (SE) p 
Intercept (Maternal RSA) 5.918 (.04) <.001 5.921 (.04) <.001 5.922 (.04) <.001 
Within-person (Level 1) paths        
Child defeatt  maternal RSAt -.022 (.03)  .445  -.02  (.03)  .483 -.018 (.03)  .554 
Mom behaviort  maternal RSAt  .016 (.02)  .328   .027 (.03)  .379 -.044 (.03)  .159 
Child defeatt-1  maternal RSAt -.07   (.04)  .063  -.058 (.03)  .063 -.052 (.03)  .113 
Mom behaviort-1  maternal RSAt -.01   (.02)  .567  -.061 (.04)  .152   .046 (.03)  .090 
Child defeatt-1 x Mom behaviort-1  maternal RSAt  .035 (.03)  .207  -.001 (.08)  .992   .066 (.05)  .184 
Between-person (Level 2) paths       
Maternal baseline RSA  .701 (.05) <.001   .706 (.05) <.001   .714 (.05) <.001 
Maternal behavior (task mean) -.135 (.12)  .250   .088 (.34)  .795   .181 (.42)  .666 
Child defeat (task mean)  .386  (.17)  .023   .293 (.16)  .069   .015 (.78)  .985 
Mothers’ education    .068 (.04)  .099   .06   (.04)  .133   .068 (.04)  .107 
Residual variances  Phi (SE) p Phi (SE) p Phi (SE) p 
Residual variance: maternal RSA (within)   .413 (.02) <.001   .413 (.02) <.001   .395 (.02) <.001 






Individual and Combined Contributions of Within-Person Fluctuations in Child Agency and Maternal Behavior to Maternal RSA in Real Time  
Note. Covariances between all between-person predictors and random effects and covariances for some within-person parameters were estimated 
but not reported.






 B (SE) p B (SE) p B (SE) p 
Intercept (Maternal RSA) 5.924 (.04) <.001 5.923 (.04) <.001 5.924 (.04) <.001 
Within-person (Level 1) paths       
Child agencyt  maternal RSAt  .03   (.02)  .131   .03  (.02)  .135  .019 (.02)  .320 
Mom behaviort  maternal RSAt  .005 (.02)  .766  .017 (.03)  .559 -.046 (.03)  .143 
Child agencyt-1  maternal RSAt -.021 (.02)  .297 -.022 (.02)  .262 -.029 (.02)  .143 
Mom behaviort-1  maternal RSAt -.018 (.02)  .243 -.071 (.04)  .111  .05   (.03)  .067 
Child agencyt-1 x Mom Behaviort-1  maternal RSAt  .004 (.02)  .851   .066 (.07)  .328 -.061 (.03)  .052 
Between-person (Level 2) paths       
Maternal baseline RSA  .714 (.05) <.001   .714 (.05) <.001  .710 (.05) <.001 
Maternal behavior (task mean)   .02  (.10)  .850   .336 (.29)  .243  .183 (.08)  .020 
Child agency (task mean) -.051 (.14)  .709 -.064 (.13)  .63 -.054 (.14)  .697 
Mothers’ education    .043 (.04)  .285   .046 (.04)  .240  .07   (.04)  .086 
Residual variances  Phi (SE) p Phi (SE) p Phi (SE) p 
Residual variance: maternal RSA (within)   .413 (.02) <.001   .413 (.02) <.001  .392 (.02) <.001 





support (Model 7), but not in the model controlling for maternal nonsupport (Model 8) or maternal cognitive 
assistance (Model 9). In each of these models (Models 7-9), maternal behavior was not a significant 
predictor of maternal task RSA. Mean levels of child agency was not a significant predictor of maternal 
task RSA in any of the models (Models 10-12). Mean levels of maternal emotional support and nonsupport 
were also not significant predictors of maternal task RSA (Models 10-11). However, mean levels of 
maternal cognitive assistance was associated with higher levels of task RSA after controlling for child 
agency (Model 12).  
RQ2: Do within-person associations outlined in H1a and H1b predict children’s prosocial and 
problem behavior six months later, over and above mothers’ and children’s average levels of 
behavior during the task? 
Because none of the within-person parameters of interest (i.e., main lagged effects and within-
person interaction between child behavior and maternal RSA) showed statistically significant variance in 











Chapter 6: Discussion 
Caregiving behaviors that are emotionally supportive or provide guidance during collaborative 
problem-solving contexts play a significant role in shaping children’s motivation and task engagement, 
development of cognitive skills, and ability to regulate frustration (Deci & Ryan, 1987; Diamond & 
Aspinwall, 2003; Grolnick & Farkas, 2002; Vygotsky, 1978). Yet, we have limited knowledge about 
factors that predict caregiving behaviors in real time during problem-solving situations. By integrating 
polyvagal theory (Porges, 1995, 2007, 2011) and developmental models highlighting the role of 
children’s potential influence on parenting (Bell, 1968; Belsky, 1984; Patterson, 1982, 2002; Sameroff, 
1975, 2009), I investigated the interactive contributions of within-person fluctuations in children’s defeat 
(or agency) and maternal cardiac physiology on parenting behavior in real time during a collaborative 
problem-solving task. Moreover, I aligned my investigation with Grusec’s and Davidov’s (2010) domain-
specific approach to parenting and examined within-person associations for different domains of 
parenting behavior (i.e., emotional support vs cognitive assistance).  
Within-person Fluctuations in Child Behavior and Maternal Physiology: Interactive Contributions 
to Maternal Behavior in Real Time  
In addressing my first research question regarding the interactive contributions of children’s 
defeat (or agency) and maternal physiological regulation to parenting, I tested six multilevel models with 
maternal emotional support, nonsupport, and cognitive assistance as outcomes. My findings indicate that 
vagal augmentation and vagal withdrawal may each be beneficial to parenting, but associations depend on 
both the type of child behavior and the type of parenting behavior under examination. Specifically, the 
results showed that when children exhibited increases in negative emotions and behaviors, vagal 
augmentation predicted mothers’ emotionally supportive behavior. In contrast, when children exhibited 
increases in positive behaviors such as motivation and engagement with the task, maternal vagal 
withdrawal predicted greater cognitive assistance. Below, I discuss the findings associated with each 
model tested to address RQ1.   
Interactive contributions of maternal RSA and child defeat to emotional support. In line 
with prior studies that have shown that maternal vagal withdrawal during brief episodes of infant distress 
was predictive of more sensitive caregiving (Ablow et al., 2013; Ham & Tronick, 2006; Hill-Soderlund et 
al., 2008; Joosen et al., 2013; Moore et al., 2009), I hypothesized that vagal withdrawal would predict 
maternal emotional support when faced with children’s negative emotions and behaviors, because vagal 
withdrawal may help mothers regulate their arousal on these occasions and respond supportively. 
However, my findings indicated that within-mother maintenance of RSA or vagal augmentation was 
predictive of more emotional support immediately following momentary within-child increases in defeat. 





The social engagement system, indexed by vagal augmentation, may be important for 
emotional support following within-child increases in defeat. The current study differed from prior 
studies examining maternal physiological regulation and behavior in two primary ways. First, this study 
assessed within-person fluctuations in child defeat and maternal physiological regulation, whereas prior 
research has focused on between-person differences in maternal physiology averaged across a distress-
eliciting episode and did not explicitly assess child distress (e.g., Ablow et al., 2013; Ham & Tronick, 
2006; Hill-Soderlund et al., 2008; Joosen et al., 2013; Moore et al., 2009).  Second, in prior studies, 
maternal sensitivity was assessed during reunion episodes following still-face or separation (where the 
child may no longer be distressed), free-play or other non-challenging tasks, or naturalistic interactions in 
the home (Ablow et al., 2013; Ham & Tronick, 2006; Hills-soderlund et al., 2008; Joosen et al., 2013; 
Moore et al., 2009), whereas in this study emotional support was assessed immediately following (i.e., 
within 15-secs) children’s increased displays of defeat. Importantly, mothers were interacting with their 
children when they displayed increases in defeat, whereas in these prior studies mothers were observing 
but not interacting with the child during the distress-eliciting episode (e.g., still-face, separation, or audio 
recordings of infant cries). The social engagement system may, therefore, be important for within-mother 
increases in emotional support following within-child increases in defeat. Although vagal withdrawal may 
promote self-regulation and mobilization of approach (Porges, 2007), vagal augmentation may be more 
likely to facilitate emotion regulation and empathic responding in interaction contexts that entail being 
faced with another’s distress because these contexts require employment of social engagement behaviors. 
There is both theoretical and empirical support for this claim.  
According to polyvagal theory (Porges, 1995, 2007, 2011), when the environment is perceived as 
safe, the ability to maintain or increase RSA is indicative of activation of the parasympathetic nervous 
system. High parasympathetic activation promotes critical social engagement behaviors during 
interactions, such as eye-contact, listening, social gesturing and orienting, self-soothing, and calming 
behaviors (Porges, 2003). In moments when children display increases in defeat relative to their mean 
level of defeat, within-person maintenance of RSA or vagal augmentation may have permitted mothers to 
orient and be more attuned to their children’s cues, thereby enabling mothers to increase their level of 
emotional support.  
Studies examining physiological regulation in social interaction contexts among adults provide 
support for vagal augmentation as an indicator of social self-regulation. Stellar, Cohen, Oveis, and 
Keltner (2015) showed that college students demonstrated greater vagal augmentation (relative to 
baseline) during an experimental compassion induction condition (i.e., witnessing others suffer) compared 
with a neutral control, induction of general positive emotion, and induction of prosocial emotion but 





induction was associated with greater self-reports of compassion and observed verbal and nonverbal 
displays of compassion. In another study, female college students were exposed to an upsetting film and 
asked to discuss their feelings and reactions to the film with another individual (Butler, Wilhelm, & 
Gross, 2006). Participants who were asked to (a) reappraise their emotional reactions to the film by 
reframing the situation positively, or (b) to suppress their emotions by not displaying how they felt to 
their partners, showed greater vagal augmentation (relative to baseline vagal tone assessed during a 
neutral film) than participants who were not asked to regulate their emotional reactions to the film (Butler 
et al., 2006). Taken together, these studies indicate that adults’ vagal augmentation during social contexts 
when exposed to another’s distress may facilitate greater emotion regulation and compassion for others. 
Thus, when faced with increases in children’s negative emotions and behaviors, vagal augmentation may 
promote emotion regulation and compassion in mothers, which may help them respond more 
supportively.  
Mother-child interaction context may play a role. Vagal augmentation may have also been 
predictive of more emotional support in this study because of the nature of the mother-child interaction 
task. The puzzle task used in this study was not specifically designed to elicit high levels of child distress, 
and this represents a significant difference from tasks that have been used in prior studies (e.g., still-face, 
separation tasks, audio recordings of infant cries) that have shown maternal vagal withdrawal to be 
adaptive for sensitive caregiving (Ablow et al., 2013; Ham & Tronick, 2006; Hill-Soderlund et al., 2008; 
Joosen et al., 2013; Moore et al., 2009). It is possible that because children displayed low levels of defeat 
overall across the task, momentary increases in defeat were not perceived to be aversive or challenging by 
mothers. Mothers may have not experienced heightened emotional arousal in those moments and may 
have therefore not required vagal withdrawal to cope with their arousal.  
Developmental differences may also play a role. Prior studies have predominantly focused on 
maternal vagal withdrawal and sensitivity when mothers are interacting with infants (Ablow et al., 2013; 
Ham & Tronick, 2006; Hill-Soderlund et al., 2008; Joosen et al., 2013; Moore et al., 2009), whereas this 
study focused on preschool-aged children. Preschoolers have acquired more advanced emotion regulation 
and language skills compared with infants (Kopp, 1989), and it is likely that they communicate discontent 
or defeat verbally (e.g., “I don’t want to play this game anymore”) and/or exhibit lower levels of distress 
than infants (e.g., frowning or whining vs. prolonged crying). Such moderate displays of verbal defeat 
versus intense, nonverbal displays of negative affect may be less stressful for mothers. Thus, in 
comparison to mothers of infants, mothers of preschoolers may become less aroused in response to child 
defeat. Vagal augmentation may, therefore, facilitate more supportive caregiving for mothers of older 
children. Future studies should assess maternal physiological regulation when interacting with children in 





to identify the role of maternal vagal withdrawal versus augmentation in predicting caregiving behaviors 
when children display different intensities of distress across development. 
One caveat. It is important to note that region of significance analyses indicated that, although 
vagal augmentation facilitated more supportive parenting following children’s displays of defeat, a small 
amount of vagal withdrawal was also associated with more maternal emotional support. Perhaps slight 
decreases in RSA are indicative of mothers’ ability to successfully regulate their arousal and prepare to 
respond to challenge, whereas excessive vagal withdrawal may be a sign of poor emotion regulation when 
faced with another’s distress (Beauchaine, 2015). Indeed, mothers who displayed excessive vagal 
withdrawal during emotionally challenging interactions also tended to engage in harsh discipline practices 
(Lorber et al., 2016; Lorber & O’Leary, 2005).  There is also evidence to suggest that initial vagal 
withdrawal when first exposed to another’s distress, followed by subsequent vagal augmentation, are 
associated with better emotion regulation in children (Miller et al., 2013), and the same may be true for 
adults. Future studies should utilize event-based coding and experimental paradigms to examine dynamic 
changes in maternal cardiac physiology and behavior specifically when children are distressed.  
Interactive contributions of maternal RSA and child agency to emotional support. I also 
hypothesized that when children displayed increases in agency, vagal augmentation during those 
moments would facilitate more emotional support in the next moment. However, findings suggested that 
within-child increases in agency during the task were unrelated to maternal emotional support, and this 
association was not moderated by within-mother changes in physiological regulation. One possible 
explanation for this null finding could be that the measure of child agency did not exclusively include 
positive behaviors directed at the mother; it also captured children’s engagement and competence with the 
task. Because vagal augmentation is indicative of activation of the social engagement system (Porges, 
2003), it is possibly more relevant for emotional support in response to positive child behaviors that are 
directed towards the parent. Future studies should examine task-oriented positive behaviors separately 
from positive bids towards the mother (e.g., expressing competence or enjoyment in doing the task vs. 
asking the mother for help). Further, although maternal emotional support may facilitate children’s 
autonomy, sense of competence, and engagement and enthusiasm to engage with the environment (Deci 
& Ryan, 1987; Diamond & Aspinwall, 2003), children who are already displaying these behaviors may 
not necessarily require a supportive response. In other words, maternal emotional support may not be as 
relevant in the context of child agency. Physiological regulation may have therefore not played a role in 
this context.  
Interactive contributions of maternal RSA and child behavior to emotional nonsupport. I 
hypothesized that when children displayed increases in defeat, mothers who displayed vagal withdrawal 





increases in agency, vagal augmentation would facilitate decreases in nonsupport in the next moment. 
However, the main effects and interactions of child behaviors and maternal physiological regulation on 
maternal nonsupport were non-significant. Mothers displayed relatively low levels of nonsupport overall 
during the puzzle task, which may be one possible explanation for these null findings. The rules of the 
task prohibited the mother from physically interacting with her child; she was restricted to only offering 
verbal help. The moderately challenging puzzle task used here may not have been stressful enough to 
elicit high levels of verbal nonsupport (e.g., harsh responses), and there were no opportunities for mothers 
to engage in nonverbal nonsupport behaviors such as physically restraining the child or physically taking 
over the child’s efforts to engage with the puzzle. It is possible that associations may emerge when 
capturing a greater variety of nonsupport behavior, or when assessing nonsupport during more stressful 
interactions.  
Interactive contributions of maternal RSA and child behavior to cognitive assistance. With 
regard to maternal cognitive assistance, I hypothesized that within-mother increases in vagal withdrawal 
in a given 15-sec interval would predict increases in maternal cognitive assistance in the next 15-sec 
interval. My findings revealed that maternal vagal withdrawal does facilitate increased cognitive 
assistance in real time, but only when children display increases in agency. This finding is partially 
consistent with Skowron et al.’s (2013) finding that increases in maternal vagal withdrawal in a given 30-
sec interval predicted increases in positive parenting in the next 30-sec interval of a similar puzzle task 
with preschool-aged children. In Skowron et al.’s (2013) study, ratings of maternal positive parenting 
included both supportiveness and teaching behaviors. Further, the role of child behaviors was not 
examined. In the current study, within-child increases in agency may have provided more opportunities 
for mothers to engage in higher levels of cognitive assistance, and vagal withdrawal may have promoted 
increases in cognitive assistance. When children were highly engaged in the task, made requests to their 
mother to help them with specific parts of the puzzle, or displayed motivation and enthusiasm to keep 
working on the task, mothers may have had to provide more advanced forms of guidance to help the child 
solve the puzzle. This may have meant that mothers needed to rely on more cognitive resources such as 
working memory, sustained attention, and inhibitory control in order to provide more advanced guidance 
to the child. This interpretation is consistent with literature that shows vagal withdrawal to be an adaptive 
physiological response during cognitive challenges (Capuana et al., 2014; Hansen et al., 2002; Thayer et 
al., 2009). Vagal withdrawal may facilitate maternal use of cognitive resources that prior research has 
shown to be beneficial for maternal scaffolding and guidance (Mazursky-Horowitz et al., 2018; 
Obradović et al., 2017; Shaffer & Obradović, 2017). In sum, vagal withdrawal may be adaptive for 
promoting increases in maternal cognitive assistance following occasions when children display higher 





Within-child increases in child defeat were unrelated to maternal cognitive assistance, and 
maternal physiological regulation did not moderate this association. It is possible that when the child 
exhibited frustration or withdrawal from the task, mothers may have had to engage in behaviors focused 
on encouraging or re-engaging the child with the task rather than providing guidance on how to solve the 
puzzle. This is consistent with a domain-specific approach to parenting (Grusec and Davidov, 2010), 
which suggests that parents may choose to engage in certain behaviors based on the child’s needs and 
motivational state. Results suggested that within-child increases in child defeat in a given 15-sec interval 
was negatively associated with maternal cognitive assistance within the same interval, and positively 
associated with maternal emotional support both within the same interval and in the next 15-sec interval. 
Thus, mothers may not have had opportunities to engage in higher cognitive assistance when children 
displayed increases in defeat.  
Summary and integration. In summary, results showed that vagal augmentation and withdrawal 
are both important for parenting, but for different domains of maternal behavior. Specifically, within-
mother increases in emotional support following within-child displays of defeat may rely on the social 
engagement system, which facilitates social orientation and self-soothing behaviors. In contrast, within-
mother increases in cognitive assistance following within-child increases in agency may rely on a 
regulatory response which facilitates sustained attention and the use of higher-order cognitive skills. 
These findings provide support for a domain-specific approach to parenting (Grusec & Davidov, 2010) by 
suggesting that maternal cardiac physiology may operate in divergent ways to predict increases in 
maternal emotional support and cognitive assistance.  
Taken together, my findings indicate that within-person fluctuations in child behavior and 
maternal physiological regulation jointly contribute to parenting in real time. Recent theoretical models on 
parenting highlight the role of moment-to-moment changes in parental regulation in predicting parenting 
behavior in real time (Calkins, 2011; Deater-Deckard & Sturge-Apple, 2017; Mileva-Seitz & Fleming, 
2011), and my findings extend these theoretical models by suggesting that maternal physiological 
regulation may interact with child behavior in real time to predict parenting. In other words, there were no 
significant main effects of maternal RSA on parenting, indicating that mothers may especially require 
physiological resources following occasions when children display within-person increases in defeat or 
agency to provide more emotional support or cognitive assistance. These findings align with Morris et 
al.’s (2018) theoretical model on dynamics of parent-child interactions, which suggests both internal 
physiological processes and contextual factors such as child behavior may influence parenting in real 
time. Further, my findings extend this theoretical work by considering the extent to which contextual 
factors may interact with internal regulatory mechanisms in mothers to predict different domains of 





Alternate Direction of Effects: Contributions of Within-person Fluctuations in Maternal and Child 
Behavior to Maternal Physiological Regulation in Real Time  
Tests of alternate directions (i.e., within-person fluctuations in maternal and child behavior 
predicting maternal RSA) was exploratory, and neither maternal nor child behavior (or the interaction 
between them) predicted subsequent changes in maternal RSA. The lack of significant findings for 
maternal behavior predicting subsequent changes in maternal RSA is consistent with Skowron et al.’s 
(2013) finding that maternal behavior in a given 30-sec interval of a similar puzzle task with preschool-
aged children did not predict maternal RSA in the next interval. According to polyvagal theory, (Porges, 
1995, 2007, 2011), physiological regulation prepares individuals to cope with environmental demands 
and mobilizes them to respond to challenge, facilitating behavioral change. It is possible that, once 
changes in maternal behavior occur, mothers may not need to cope with environmental demands or be 
prepared to respond, which could be why maternal behavior did not predict subsequent changes in 
maternal physiology.  
However, there is some evidence to suggest that dynamic changes in child behaviors may predict 
subsequent changes in maternal cardiac physiology, based on individual characteristics of the mother. For 
instance, in a study examining dynamic changes in cardiac physiology and behavior among mothers and 
their adolescent daughters during a conflict task, increases in observer ratings of adolescent aversiveness 
(e.g., persistent, escalating, or inappropriate expressions of negative affect) in a given minute of the task 
predicted maternal RSA in the next minute, but this association was contingent on mothers’ mean (i.e., 
between-person) levels of aversiveness during the conflict discussion (Crowell et al., 2014). Specifically, 
these authors showed that mothers high on average levels of aversiveness displayed vagal withdrawal (an 
indicator of regulation) following momentary displays of adolescent aversiveness, whereas mothers low 
on average levels of aversiveness displayed vagal augmentation (an indicator of social engagement) 
following momentary displays of adolescent aversiveness. This finding suggests that mothers with higher 
trait-levels of negativity may perceive children’s real-time increases in negative behavior to be more 
stressful than mothers with lower trait-levels of negativity. Perhaps child negative behavior will predict 
subsequent changes in maternal physiology when assessed in more stressful contexts or when maternal or 
child trait-level affective characteristics are examined as moderators.  
Between-person Associations between Maternal RSA and Maternal Behavior 
Because prior studies (Ablow et al., 2013; Blandon, 2015; Ham & Tronick, 2006; Hill-Soderlund 
et al., 2008; Joosen et al., 2013; Leerkes et al., 2016; Lorber et al., 2016; Lorber & O’Leary, 2005; Moore 
et al., 2009; Musser et al., 2012; Perlman et al., 2008) had predominantly focused on between-person 
associations between baseline RSA, maternal physiological regulation during tasks, and parenting 





study. However, all between-person associations were non-significant. These null findings could have 
been because of differences in laboratory tasks or types of measures used to assess caregiving behavior 
(i.e., self-report vs. observational indices). For instance, some of the studies that showed associations 
between higher baseline levels of RSA and more supportive parenting assessed parenting via global self-
reports (Blandon, 2015; Perlman et al., 2008) rather than through observational measures of parent-child 
interaction. Other studies examining baseline RSA have assessed caregiving behavior following brief 
episodes of heightened infant distress (Moore et al., 2009; Musser et al., 2012), which may require 
different types of caregiving behaviors than called for in the puzzle task used here. Further, studies that 
have linked maternal physiological regulation during parent-child interactions to caregiving behavior 
either did not examine parenting in the same laboratory task that was used to assess maternal 
physiological regulation (e.g., Ablow et al., 2013; Ham & Tronick, 2006; Joosen et al., 2013; Moore et 
al., 2009) or assessed both constructs during more prolonged interactions (e.g., Lorber et al., 2016; Lorber 
& O’Leary, 2005). Between-person associations may therefore emerge when considered across longer, 
more challenging interactions, or when caregiving behavior is assessed via self-report (which may 
provide more accuracy on how mothers may respond across different contexts). Additionally, there may 
be moderators or mediators of these associations that were not considered here. For instance, Mills-
Koonce et al. (2007) reported that vagal withdrawal was only associated with maternal sensitivity for 
mothers of insecurely attached infants who displayed high levels of negativity. Thus, maternal, child, or 
dyadic characteristics may moderate between-person associations.  
Dynamic Processes and Children’s Adjustment  
I also intended to examine the extent to which within-person associations between child 
behaviors, maternal physiological regulation, and parenting predicted children’s prosocial and problem 
behavior six months later. However, none of the time-lagged associations showed significant variance 
across subjects, which resulted in the inability to test this aim. Although unexpected, it is possible that the 
low interindividual variation in associations occurred because these associations were examined during a 
brief, structured task where both mothers’ and children’s behaviors were somewhat constrained by the 
specific goals of the task (i.e., to sit in their seats and work on a puzzle together). Greater variation may 
emerge when examining associations in more prolonged and less structured parent-child interactions. 
Additionally, given that several concurrent associations (e.g., maternal nonsupport and child defeat, 
maternal cognitive assistance and maternal RSA) showed significant variability between people, it is also 
possible that the 15-sec lag may have diluted some of the interindividual variability. Perhaps assessing 
more immediate changes in maternal behavior or specific strategies that mothers engage in following 






Limitations and Future Directions 
This study is not without limitations. For one, this was a relatively homogenous, low-risk (i.e., 
high-income, European-American, well-educated) sample. Studies show that maternal physiological 
regulation may differentially relate to parenting behavior for mothers who are at risk for maltreatment 
(Skowron et al., 2013), or for mothers with insecurely attached infants who displayed high levels of 
negative affect (Mills-Koonce et al., 2007). In particular, these studies demonstrate that vagal withdrawal 
may be more adaptive for high-risk mothers because it helps them regulate intense emotions or inhibit the 
tendency to disengage or respond harshly (Mills-Koonce et al., 2007; Skowron et al., 2013). Thus, it is 
important to examine whether the interaction of child behaviors and maternal physiological regulation on 
parenting behaviors in real time looks different for mothers and children with emotional or psychological 
difficulties. 
 Additionally, although the puzzle task presents a moderately challenging collaborative problem-
solving situation for mothers and children, it does pose limitations on the conclusions we can draw about 
the findings. The task required mothers and children to be seated for the duration and provided them with 
a common goal to work on together. Patterns of association may look different in real-life challenges that 
are more prolonged and do not constrain mothers’ or children’s movement or physical interaction. 
Further, associations may differ in challenging contexts where mothers and children have opposing goals 
vs. when they are working together towards the same goal, or when the nature of the challenge is 
interpersonal versus cognitive.  Future studies should assess mother-child interactions across a variety of 
interaction contexts and as they unfold in naturalistic environments to test ecological validity of the 
findings.   
Further, consistent with prior literature on physiology and parenting, this study focused on 
mothers. However, fathers also play an important role in child development, and it is important to 
examine these processes in fathers (Cabrerra, Volling, & Barr, 2018). There have been very few 
investigations, to date, examining how fathers may respond to children in real time. Investigating how 
these exchanges may unfold when multiple family members are present may also be a worthwhile area of 
investigation. We know little about how parents work together in real-time to help children regulate, and 
how children may differentially influence each parent’s physiology and behaviors during triadic 
interactions. Additionally, the presence of siblings may play a role. If parents are faced with an 
emotionally challenging encounter involving more than one child (e.g., sibling conflict), they would have 
to cope with the demands of helping multiple children regulate their emotions and behaviors, which may 
be more emotionally taxing for parents than helping one child manage their emotions (Ravindran, Engle, 





Finally, it is important to acknowledge that RSA is an index of parasympathetic activity, which is 
only one dimension of the stress response system. There is strong empirical evidence to suggest that 
parasympathetic processes interact with sympathetic and neuroendocrine processes to predict parenting 
behavior. Specifically, patterns of vagal augmentation and low sympathetic/neuroendocrine activity, or 
high sympathetic activity coupled with vagal withdrawal, have been shown to be associated with sensitive 
caregiving (Leerkes et al., 2016; Miller et al., 2015). It is possible that vagal augmentation versus 
withdrawal may be more or less adaptive for parenting behavior based on mothers’ level of sympathetic 
arousal. Future studies should utilize multiple physiological measures to examine how multiple systems 
may work together under different circumstances.  
Contributions and Conclusions 
Despite these limitations, this study makes strong theoretical, methodological, and practical 
contributions. My findings provide empirical support for several recent theoretical models that posit that 
dynamic, proximal mechanisms may influence caregiving behavior (e.g., Calkins, 2011; Deater-Deckard 
& Sturge-Apple, 2017; Mileva-Seitz & Fleming, 2011; Morris et al., 2018; Taraban & Shaw, 2018).  
Further, this is the first study to consider interactive contributions of dynamics changes in children’s 
negative or positive behavior and maternal cardiac physiology to parenting, integrating both biological 
and contextual processes into our understanding of caregiving behavior. My findings also align with 
Grusec and Davidov’s (2010) domain-specific approach to parenting, suggesting that mothers may 
engage in different domains of caregiving behavior (i.e., emotional support or cognitive assistance) 
following within-child increases in negative or positive behavior, and different physiological responses 
(i.e., vagal augmentation or withdrawal) may play a role in predicting each of these caregiving behaviors. 
Prior research is mixed in regard to whether vagal withdrawal or vagal augmentation may be more 
adaptive for parenting (Ablow et al., 2013; Ham & Tronick, 2006; Hill-Soderlund et al., 2008; Joosen et 
al., 2013; Leerkes et al., 2016; Lorber et al., 2016; Lorber & O’Leary, 2005; Moore et al., 2009; Musser et 
al., 2012), and this study clarifies some of these mixed findings by adopting a dynamic approach and 
examining both the role of context and different domains of parenting behavior.  Results indicate that it 
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child. Moreover, by examining time-lagged associations and testing alternate direction models, this 
research strengthens our ability to draw conclusions about the temporal ordering of child behavior, 
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Appendix A: Additional Analyses  
Model Tests Without Controlling for Concurrent Paths 
 In the main models reported in my dissertation, I controlled for concurrent effects to assess 
whether there were time-lagged effects beyond associations within the same 15-sec interval. However, I 
conducted additional tests to examine whether time-lagged effects held without controlling concurrent 
paths. The two models were tested after eliminating concurrent predictors to examine whether lagged 
effects remain when concurrent effects were excluded from the model. In the model with maternal RSA 
and child agency predicting maternal cognitive assistance, the Child Agencyt-1 x Maternal RSAt-1 
interaction remained significant when concurrent effects were excluded (b = -.084, SE = .041, p = .041).  
In the model with maternal RSA and child defeat predicting maternal emotional support, the Child 
Defeatt-1 x Maternal RSAt-1 interaction showed the same direction of association but was marginally 
significant when concurrent effects of maternal RSA and child defeat were excluded (b = .087, SE = .051, 
p = .085). The main lagged effect of child defeat on maternal emotional support remained significant (b = 
.16, SE = .039, p < .001).  
As a follow-up to the above model that became marginally significant, I tested the same model 
with Child Defeatt-1 x Maternal RSAt-1 predicting maternal emotional support after excluding one 
concurrent effect (either child defeat or maternal RSA) at a time, while keeping the other concurrent 
effect in the model. The Child Defeatt-1 x Maternal RSAt-1 remained significant when the concurrent effect 
of maternal RSA was excluded and the concurrent effect of child defeat was included (b = .104, SE = 
.047, p = .027), but not when the concurrent effect of child defeat was excluded and the concurrent effect 
of maternal RSA was included (b = .079, SE = .05, p = .109). Thus, it appears that the Child Defeatt-1 x 
Maternal RSAt-1 interaction is significant only after controlling for the concurrent effect of child defeat on 
maternal emotional support. Higher child defeat significantly predicted more maternal emotional support 
within the same 15-sec interval, which may mean that child defeat in the concurrent interval influences 
the extent to which the lagged effects of maternal RSA and child defeat predict maternal behavior. Given 
that child behavior may predict more immediate changes in parenting, it is important to test lagged 
associations after taking the concurrent effects of child behavior into account.   
Although one cannot discern direction of effects in concurrent paths, including them in the main 
model tests increases confidence that lagged associations exist over and above contemporaneous relations 
between variables (e.g., significant contemporaneous associations between child defeat and maternal 
emotional support). Concurrent paths are frequently controlled for in prior literature when testing lagged 
effects (e.g., Cui, Morris, Harrist, Larzelere, & Criss, 2015; Lunkenheimer, Tiberio, Skoranski, Buss, & 







Tests of Autoregressive Effects in Predictors and Outcomes 
Additional tests were also conducted to assess whether stability in maternal RSA and maternal 
and child behavior (i.e., autoregressive effects) changed the results for the main models reported in the 
dissertation. Because Mplus version 8.1 (Muthén & Muthén, 1998-2018) does not permit inclusion of an 
autoregressive effect of a predictor using the Maximum Likelihood Estimator when also estimating 
concurrent effects, I tested models controlling for autoregressive effects in all predictors and outcomes, 
but without estimating concurrent effects. The pattern of results did not differ from the main models. In 
the model with maternal RSA and child agency predicting maternal cognitive assistance, the Child 
Agencyt-1 x Maternal RSAt-1 interaction remained significant (b = -.092, SE = .041, p = .024). The Child 
Defeatt-1 x Maternal RSAt-1 interaction showed the same direction of association but was marginal, 
although this was likely because of the exclusion of the concurrent effect of child defeat (b = .08, SE = 
.046, p = .083). The main lagged effect of child defeat on maternal emotional support remained 
significant (b = .176, SE = .043, p < .001). Thus, controlling for autoregressive effects in the predictors 
and outcomes do not appear to change the pattern of results. Although these analyses were conducted as a 
robustness check, it is not recommended to include the lagged value of an outcome variable as a predictor 
in multilevel models because it can bias estimates (Allison, 2015; retrieved from 
https://statisticalhorizons.com/lagged-dependent-variables). For this reason, I did not include 
autoregressive effects in my main model tests.  
 
